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PREFACE. 



If an art or sdenoe is to be valued in proportion 
to its utility and importance in the actum concema 
of human afhirs. Mensuration, considered in its 
utmost extmt, will stand pre-eminently distin* 
guished. 

Mensuration is of the highest importance in 
many affairs that are absolutely necessary, and in 
ev^ branch of the mathematics i by it sciences 
are established, and commwce is conducted ; by 
its aid we manage our business^ and inform our- 
selves of the wonderful operations of nature ; by 
it we measure the heavens and the earth|-^for it 
is by the aid of Mensuration that astronomers are 
put into a way of making their observations^ com- 
ing at the knowledge of the extent of the heavenly 
bodies, measures of seasons^ of years, and of ages; 
and that geographers present at once to our view the 
magnitude cf the whole earthi the vast extent of the 
seas, the divisions of empires, kingdoms, and pro^ 
vinoes. It is from this that the architect takes 
his just measures for the structure of public build- 
ings, as well as of private houses^ By its help 
engineers cof^duct all their woriis ; take the situar 
tion and plan of places ; measure their distances 
from each other, and carry their measure into 
places thdi 9x^fm)j ^9^ By 

this means we estimate the capacities, of all ves- 
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sela, and bulks of all bodies, gauge our liquors, 
measure our lands, and the works of artificers, and 
buy and sell an iifnite variety of things useful in 
Ufe. 

There is scarcely a writer on the diiSerent 
branches of education, who haa not expressly re- 
commended the study of Mensuration. An able 
and complete treatise on this subject was published 
a few years ago by Mr. Keith, entitled, ** The 
Camphie Measurer; or the whole Art of Meaxur- 
ing.^* This work contains the substance of Haw- 
ney's '* Measurer," (a book well known for a 
century past,) with the addition of about 453 new 
questions, {see Mr. Keith's Preface), with the de- 
nionstration of the Rules. It contains also a 
greater number of questioiis, and more useful 
{natter, than any olii^ work that has hitherto 
luppeared ; and in order that the student may judge 
ror himself, I shall hare state the several parts of 
idiich Mr. Keith's work consists : — 

Part I. treats of Practical Geometry. 
' Part II. treats of the Mensuration of Superficies, 
and includes all the most useful Rules for finding 
the Areas of right-lined and circular Figures, 
with the Mensuration of the Conic Sections, the 
general Properties of the Ellipsis, the Parabola, 
and Ibe Hyperbola; also, to find the Area of 
Curves by equidistant Ordinates. 

Part III. treats of the Mensuration of Solids 
that are Ibounded by right or circular lines, viz.— 
Cubes, Prisms, Cylinders, Pyramids, the Sphere, 
the circular SpincUe, &c., with the Conic Sections 
in general ; also of the Five Regular Bodies, the 
Specific Gravity of Solids, and the method of 
ascertaining the weight and dimensions of Balls 
and Shells. . ;« 
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Part jy^ treats cf the description o^ the Car^ 
penter^s Ro]e» Mensuration of Timber and of At- 
tificeyrs' Wor)iv vis^ Carpenters' and JToinersr WoA, 
flooiiag» partitioning, roofing, and wainscdtting j 
Bricklayers' Work, tiling or slating, walling, and 
chimnies ; Plasterers, Painters, Glaziers, Plumbers^ 
Masons, and Pavers' Work ; with the m^thdd of 
ascertaining the dimensions of Vaulted and 
Arched Roofs, Domes, Saloons, &o. &c. 

Part V* treats of the method of Gauging all 
kinds of Vessels used by Msdtsters, Brewers, Dis- 
tillers, Wine Merchants, VictoallerSt &c^ such aci 
iiistems, coppers, yats, stills, casks, &c. 

Part VI, treats of Land Surveying; explaining 
the use of the Instruments, the m^ods of sur- 
veying, of planning, of computing the contents, 
of reducing plans, of dividing me ground, of 
entmng the field notes in the field 1m)k, and of 
surveying a lar^e estate ; also to survey a town m 
city : and likewise a large collection of useftd Mm* 
cetlaneous Questions in Mensuration. 

Tlie great reputation Mr« Keith's Mensuratioil 
has obtained among mathematicians and expe- 
rienced teachers, renders it unnecessaryy and thero* 
fove superfluous, for the Author, in thk place^ tor 
say any thing further in its commendation* He 
tbeiprfore is of opimon, Ihat he cannot do a more 
acceptable service to the public, or pay a mora 
respeptfiil tribute to the persevering industry^ 
tfdents, and attaanments, of its deceased author, 
t^iaa writing a Key to this very useful and import^ 
ant work. The scdutiaiis.iii tlus Key are in gene-, 
ral obtained by the shortest, most simple, and 
aioit approved methods the Author could devise ; 
but im doing this, he has closely followed Mr* 
Keith's Rol^, and wherever » solotioa cmU be 
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iSlnstnted, or made more easy by a diagram, it 
baa been introdaced. He also wishes fn/ther to 
notice, that under die article ** Gauging," Roles are 
givenforredacingtheOld Standard into the Impe- 
rial, and conversely, to reduce the Imperial Stand- 
ard intOithe Old. It is hoped the attentive reader 
will find fewer difficulties in this work than in any 
other production of a similar kind. Great plain- 
ness has been studied, and the greatest pains have 
been taken to express every thing in the clearest 
manner posdble ; and the Author has spared nei- 
ther labour nor trouble to render it generally use- 
ful: so that the science of Mensuration is laid 
open at once to any one desirous of obtaining it ; 
and it is presumed, tiiat should the student be only 
acquainted with common arithmetic, without any 
jprevious* knowledge of the subject, he will, by 
the^ assistance of this Key alone, be enabled to 
solve any question in Mr. Keith's Mensuration. 
In working each question, particular care has been 
taken to give explicit reference to the identical 
Rules and Notes by which the solution is obtained. 
It will be perceived in this publication, that the 
Author has endeavoured, and he hopes with suc- 
cess, to treat the subjects in a manner better adapt- 
ed to the improved state of knowledge in the pre- 
sent times, than they have usually been treated in 
any work hitherto written on the same subject. The 
reason is made to go hand in hand with the opera- 
tion ; die object and utilitv of every Problem is 
shortly, but completely explained ; and thus a per- 
fect knowledge of every problem is secured to the 
reader. 

: The Signs and Characters used in this Key, are 
placed at the beginning, and the reader should 
sKsquaint himself with them befcve he peruses the 
work. 
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Ill 



Thechief design of the Author in uniting dib 
Key was to remedy the inconvenience he had ex- 
perioioed in his own school, so much of his tuae 
being oonsomed in going through the whole of a 
solutian, in order to detect the errcnrs which his 
pnpils might have made. How &ar the Anth^Mr has 
succeeded in facilitating the labour of yonAftd 
studies, must be left to the judgment of his cMlfid 
readers. But should he be so sucoessful as to ren- 
der the subject plain and easy to the stodnty Md 
thereby to diminish die Ubomr of the Biaitflr» km 
expectations will be fully answered, wmk heahsll 
feel the pleasing satisfaction of having done his 
utmost to promote those studies, which are aduiew- 
ledged on all hands to be so highly beneficial to 
, mankind. 

SAMUEL MATNARD. 



16, CUrmtdom Square, Sommers Toitfn, Londom, 
Decmber25, 1828. 
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EXPLANATION OF THE CHARACTERS USED 

IN THIS WORK. 



4> denotes plus f or mare^ TherignofcK2e^i/tcm,8^;iufy- 
ing that the numbers betweev whkh it is placed are to 
be added together. Thus, 9 + 6 denotes that 6 is to 
be added to 9. Geometrical lines are generally repie- 
sented by capital letters. TimSy AB + CD signifies 
that the line AB is to be addod to the line CD. 

-^ denotes mtnu^, or less. The sign of subtraction, sig- 
nifying that the latter of the two numbers between 
which it is placed is to be taken from the fonnfir. 
Thus, 5 -* 3 denotes that 3 is to b^ taken from 5. In 
geometrical lines also, AB— CD signifies that the line 
CD is to be subtracted from the line AB. 

X denotes into, or by, Th^ sign of multiplication, sig* 
nifying that the numbers between which it is placed 
are to be multiplied together. Thus, 8x6 denotes 
that 8 is to be multiplied by 6. In geometrical Ibes 
also, AB X CD signifies mat the Ime AB is to be 
multiplied by the line CD. 

'•Am denotes divide by. The sign of divisiony signifymgi- 
that the former of the two. numbers between which it. 
is placed is to be divided by the latt^. Thus, 8-^4 
denotes that 8 is to be divided by 4. This is also ex* 
pressed hj placing the dividend above a line, and the 

o 

divisor below it. Thus, 7- denotes that 8 is to be diV 

vided by 4. In gj^metrical lines also, AB -f- CD 
signifies that the line AB is to be divided by the line 

CD, or thus, — . 

r denoteproportionahy signifying that the num- 
: is to y bers between which they are placed are 

••as < P^<^P<^^^^^^' Thus, 2 : 4 :: 8 : 16 
* * J denotes that the number 2 bears the same 

: isto.l proportion to 4 as 8 does to 16, and is 

V, usually read, 2 is to 4 as 8 is to 16. 
s: denotes equal to. The sien of equality y signifying 
that the numbers between wnich it is placed are equal 



xu 



to each other. Thus 2 + 2 = 4 poles = 22 yards = 
1 chain =: 100 links. 

denotes ai>inctt/ttm,and( ) AenotBs^i parenthesis. 



These signs are made use of to conn ect two or more 
quantitie s together. Thns, (7 + 4—5) x 8 = 

11 — .5x8=:6x 8 =48. The vinculum over 
the 7 and 4 serves as a chain to link them toother, 
and shows that they are to- be added together oefore 
the number 6 is subtracted ; and the parenthesis 
also shows that the numerals which it includes must 
be operated upon, and the result multiplied by the 
number 8. 

* This sign placed above a quantity signifyin g that the 
quantity is to be squared. Thus, 5 + 3^ = 8« =: 
8 X 8 = 64. 

' This sign placed above a qu antity signify in g that the 
quantity is to be cttAcef. Thus (9+3) — 8V = 12 - Sp 
= 45=:4x 4x4= 64. 

ii/ denotes a radical sian, sienifying that the quantity 
before which it is placed is to have its square root 
extracted. Thus/ 



V'^'^(5+^FTfx25^^ 

=.^/Mi^2 + (108 ^ 3) - (8 + 7) + (12x 12) -f- (3x 2) = 

^6« + (36-15) + (144+6) = /36 + 21 + 24 = ^/8T = 9. 

^ denotes a radical stgn^ Mgnifying that the quantity 
before which it is placed is to ha ve its cube root ex- 
tracte d. Th us, ^(6 X 4 X 3) -8 = 4^(24x3)^8 
= »/72— 8 = i/tr=i 4. 

.'. denotes therefore. 

X denotes 9l perpendicular. 

Z. denotes an angle. 

A denotes a triangU. 

' denotes a repeater y when placed over a figure. Thus, 

'819444, &c. is expressed by -8194'. 

' denotes a circulate wl^en placed over its first and last 

figure, thus, '769230769230, &c. is expressed by 

•7^69230' 
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MENSURATION OP SUPERFICES. 



PROBLEM I. 
To^find the Area of a Square, . 

Ex. 2. AB«= 35-252 = 1242-5625 square chains, 

and I?H2^.x 4 X 40 = 124 acres, 1 rood, 1 perch, 
10 

the area of the square ABCD = Answer. 

Ex. 3. AB« = 5 ft. 9 in.V = 33 feet, mches^ 9 
seconds, the area of the square ABCD szAnswefr. 

Ex. 4. AB^ zz 3725^ =: 1 3875625 square Imks, imd 

?^?^^ X 4 X 40= 138 acres, 3 rbois, 1 peith, 

100000 
the area of the ^lidre ABCD zz Answer, 



2 MENSURATION OF 8UPERFICE9. 

PROBLEM II. 

To find the Area of a Rectangle. 

Ex. 2. AB X BC = 14 ft. 6 in. X 4 ft. 9 in. = 
68 feet, 10 inches, 6 seconds, the area of the rectangle 
ABCD =: ATiswer, 

Ex. 3. AB X BC= 1375 x 950 = 1306250 squai-e 

Imks, and 122!^ X 4 x 40 = 13 acres, roods, 
100000 

10 perches, the area of the rectangle ABCD = Answer. 

Ex.4. ABx BC==2ft. lOin. 6sec. x 9in. = 2 ft. 
1 in. 10 sec. 6 thirds, the area of the rectangle ABCD 
= Answer. 

PROBLEM III. 

To find the Area of a Rhombus, or of a Rhomboides. 
Ex. 2. AB X AE = 6-2 x 545 = 33-79 square 

Q0.7Q 

chains, and x 4 x 40 = 3 acres, 1 rood, 20-64 

10 , ^ 

perches, the area of the rhombus ABtiD =: Answer. 

Ex. 3. AB X AE = 12 ft. 6 in. x 9 ft. 7 in. z= 
1 19 ft. 9 in. 6 sec. the area, of the rhombus ABCD = 
Answer. 

Ex. 4. AB X AE = 725 x 635 = 460375 square 

links, and ^^25Z? X 4 x 40= 4 acres, 2 roods, 16-6 
100000 

perche9, ^e area of the rhombus ABCD =: Answer. 

i ' .' ...... 

Ex. 5. AB . X AE = 4784 x 1908 = 9127871J 

square links, and -, , — x 4 x 40 = 91 acres, 

^ • 100000 
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1 rood, 4*'5952' perches, the area of the rhomboides 
ABCD ^ Answer^ 

: Ex. 6. AB X AE z= 12 ft. 6 in. x 5 ft. 6 in. = 68 feet, 
9 inches, the area of the rhomboides ABCD =: Answer. 

Ex. 7. AB X AE =i 37 ft. x 5 ft. 3 in. =: — 

3 

J 63 , 2331 259 oi » 

yards x — yards = — -- = — - = 21Jy square 

■ 36 ^ .108 12 " ^ 

yards, the area of the rhomboides ABCD ::;: Answer. 



PROBLEM IV. 

To find the Area of a Triangle. 

Ex. 2. J(28-2 X 18-4) = 259.44 squareyards, the 
area of the triangle z= Answer. 

Ex. 3. i (1236 X 731) z= 451758 square links, and 

li^Z^ X 4 X 40 =z 4 acres, 2 roods, 2-8128 perches, 
100000 

the area of the triangle = Anstjoer. . . 

Ex. 4. i (18 ft. 4 in. x 11 ft. 10 in.) =: 108 feet, 
5 inches, 8 seconds, the iurea of the triangle =: Answer. 

PROBLEM V. 

To find the Area of a Triangle ^ having the three 

Sides given. 

Ex. 2. J(AC -f BC + AB)z= J(50 -f 40 + 30)= 
60^ the half sum of the sides. 
60 — 50=101 

60 — 40 = 20 > the three remainders. 
60 — 30=30) 

b2 
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Then V 60 x 10 x 20 x 30 = V 360000 r: 600, 
the ai*ea of the triangle ABC = Answer, 

Ex. 3. i (BC + AB + AC) = J (41 +29 + 56)=^ 
63 yards, the half sum of the sides. 
63 — 41 = 22 ^ 

63 — ' 29 = 34 > the three remainders. 
6 3-56= 7} 
Then >/63 x 22 x 34 x 7 = V 329868 = 574-34 
square yards, the area of the triangle ABC zz Answer. 

Ex. 4. I (BC + AC + AB) = J (4900 + 5025 + 
2569) = 6247 links, the half sum of the sides. 
6247 — 4900=11347) 
6247 — 5025 = 1222 V the three remainders. 
6247 — 2569=8678) 
Then n/ 6247 x 1347 x 1222 x 3678 = 
V 37820044235844 = 6149800-341136 square links, 

J 6149800-341136 „ ^a ^i i ^ 

and X 4 X 40 = 61 acres, 1 rood, 

100000 
39-6805458176 perches, the area of the triangle ABC 
ss Answer. 



Ex. 5. i (AB + BC + AC) = J (380 + 420 + 765) 
=782-5 yards, the half sum of the sides. 
782-5 — 380 = 402-5 ) 
782*5 — 420 = 362.5 >the three remainders. 

782-5 — 765= 17-5) 

Then >/ 782-5 x 402-5 x 362-5 x 17-5 = 
\/ 1998003710-9375 = 44699-0347 square yards, and 

44699-0347 _ 9-235337 acres, the area of the triangle 

4840 
ABC= 1st. Answer. 

' Hence, as 1 sq. ac. : 9-235337 sq. ac. : : 55s. : 
251. Is. lljd. -28968, the annual rent = 2nrf.^n«wtfr. 
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PROBLEM VL 

Any two Sides of a right-angled Triangle being given, 

to find the third Side. 



E x.3. By Rule 1. * V AB^ + BO = ^248 + 18« 
= >/900 =: 30, the hypothenuse AC =: Answer, 

Ex. 4. Here BC = 42-426 fee t = 1 4.142 yards. 

Th en, by Rule 1 . * V BC^ + AB^ =: >/ 14-1422 + 232 
= >/728-996164 = 26-999 yanis, or 27 wds nearly, 
the length of the chord or hypothenuse AC =: Answer, 



Ex.5. By R ul e 2. * >/ (AC + BC) x ( AC— BC)= 
>/(30 + 18) X (30 — 18 ) = V48 x 12 =z >/576 == 
24, the base AB r: Answer. • 

Or thus : 

♦VAC* — BC« = V 302 _ 182 ::= ^576 = 24, the 
base AB = Answer, as before. 

E x. 6. TiSeg Fty. 1. of this Key.) *>/EG2— BG^ 
= ^502 ^ 3Q2 = >/160 0.z= 40 feetz= E B. . 

Again,*>/EC2 — AC2= >/502 — 40* = >/950 = 
30 feet = AE. 

Then AE + EB =z 30 + 40 = 70 feet = 23 J yards, 
the breadth of the street AB =: Ansiver, 

Ex. 7. By R ule 2. *>/(AC + BC) x (AC — B C) 
=js/(380 + 128) X (380 — 128) = >/508 x 252 =: 
V 128016= 357-79 feet, the base AB = Answer, 
; Or thus : 

*n/AC2 _ BC2 = V3802-. 128« = >/ 128016 =:. 
357-79 feet, the base AB zz Answer, as before. 



•Euclid, 47 p. i.b. 
b3 
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E x. 8. (See Fig. 1. of this Key) * VAC^ — AB2 
= V 502— 102 — ^"2400 = 48-9897 feet = BC, the 
height of the wall = \st. Answer. 

Hence BC -- CE = 48-9897 ^ 17-9897 =2 31 fe^ 
n BE, th e height to th e seco nd^-floor win dow. 

Then*VBE2 + DB^ =z n/312 + 62= ^/Wl = 
31-5753 feet == DE, the length of a ladder to reach the 
second-floor window = 2nd. Answer, 



PROBLEM VII. 

To find the Area of a Trapezium, 
Ex. 2. i (DE + BF) X AC = } (702 + 712) x 

1660= 1173620 square links, and liZ2^ x 4 x 40 

^ 100000 

= 11 acres, 2 roods, 37-792 perches, the area of the 

field ABCD = Answer. 

Ex. 3. J(BF + DE) X AC= i(l9'75(t. + 8-75ft.) 
X 34-75 feet zz 495 feet, 2 inches, 3 seconds, the area of 
the trapezium ABCD = Answer. 

Ex. 4. (See Fig. 3. of this Key.) J(AB -|- AD -f- 
BD) = I (3755 + 4105 -f 4835) = 6347-5 Hnks, the 
half sum of the sides. 




Then >/'g347-5 x 259 2-5 x 2242 5 x 1512-5 = 
s/ 55814791 873242-1875 = 7470929-78 square links, 
the area of the north-west a ABD. 

Again, J (BC + CD + BD)= J (3575 +2740 +4835) 
= 5575 links, the half sum of the sides. 
5575 — 3575 = 2000 ) 
5575 — 2740 = 2835 > the three remainders 
5575-4835= 740 ) 



• Euclid, 47 p. i. h. 
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Then ^/ 5676 x 2000 x ' ^&J5 x t46 = 

N/233915850DOOOO = 4636484 square links, the arw 
of the south-east a BDC, 

Hence the area of the A ABD=: 7470929-78 
and the area of the A BDC= 4836484 

the sum = 12307413-78 sq.hnks, 

and ^^307413-78 j^ 4 ^ 40 = 123 acres, roods, 

100000 
11*862048 perches, the area of the foui^sided field 
ABCD zz Answer. 

Ex. 5. J(AB + BC + AC)= J (15 + 13 -f 16) 
z= 22, the half sum of the sides. 
22- 15== 71 

22 — 13 = 9 > the three remainders. 
22— 16=6) 

Then V22x 7x9x6= v'8316 = 9M921, the 
area of the A ACB. 

Again, J (CD + AD -f AC) = J (14 + 12 -h 16) = 
21, the haJf sum of the sides. 
21-14=71 
21 — 12=9>the three remainders. 

21- 16=5) ^ 

Then ^21 x 7 x 9 x 5= ^6615= 81-3326, the 
area of the A ACD, 

Hence the area of the A ACB = 9M921 
and the area of the A ACD = 81-3326. 



the sum = 172-5247 sq. links, 
the area of the trapezium ABCD = Answer. 

Ex.6. ♦>/Arf« — AE« = V2202 — 100« = 
>/ 38400 = 195-9591 y ards, the J, = D E. 

Again, *-/BC«-CF2 = V2652-70«= \/65355= 
255-5875 yards, the JL = BF. 

•£oclid,47p. i.b. 



8 MKKSU&ATION OF ftUPERFICES.^ 

* - • - . • 

Th«n J(pE-h BF) x AC= J (195-9591 +.255-5875) 

X 378 = 86342-3074 square yards, and . ^^^^'^Q"^^ 

^ . : 4840 

X 4 X 40=1 17acres, 2 roods, 2 1-232 perches, the area 
of the trapezium ABCD == Answer. ,, 



PROBLEM Vm. 

To find the Area of a Trapezoid. 

Ex. 2. J (DC + AB) X CI = J (750 + 1225) x 

1540 = 1520750 square links, and ^^^^"^^^ x 4 x 

^ 100000 

40 = 15 acres, roods, 33*2 perches, the area of the 

trapezoid ABCD z= Answer. 

Ex. 3. J (DC + AB) X CI = J (12| -h 18 J) x 7^ 
=: 119ff square feet = 119 feet, 5 inches, 9 seconds, 
the area of the tmpezoid ABCD = Answer. 

Ex. 4. J (AB + DC) X CI = J (6340, + 4380) x 

121 =: 648560 square yards, and =:134sq.ac. 

4840 

tTie area of the field ABCD. 

Then, as.l34sq.aQ. : Isq. ac. :: 207Z.145. : 1/. \\s. 

the yearly rent per acre = Answer. 



PROBLEM IX. 

To find the Area of an irregular Polygon. 

.. Ex. 2. (See Fig. 4. of this Key.) § (AB -h BC 
+ CA) z= J (2735 + 3115 -f 3800) = 4825 links, 
the half sum of the sides. 



4825 - 2735 -: 2090 ) 

4825 -^ 3115 It: 1710 I the three remainders. 

4825 — 38001=1025) 

Then is/"4826 ^ 209Q x 1710 x 1025 =; 
\/17675169187500r=r4204184s(}uare Unks, the area 
of the A ABC/ ^ 

Agam, J (AC -h AE + EC) zt. J (3800 + 2220 t±- 
4010)= 5015 links, the half sum* of die sides. 
5015— 3800 ='1215| 
5015 — 2220 =2795 Vthe three remainders. 

5015 — 40 10=1005) ^ 

Then >/~5015 x 1215 x 2795 x 1005 = 
n/ 171 15716694375 = 4137114 square links, the- area 
of the A ACE* 

Again, J (CD + DE + EC)= J (2370 -h 2925 + 
4010) = 4652*5 linki, the half sum of the sides. 

remainders. 




Then n/ 4652-5 x 22 82-5 x 1727-5 x 642-5 = 
>/ 1 1786594866835-9375 = 3433161-p6 square links, 
the area of the a CDE. 

Hence the area of the A A6C= 42041 84 
the area of the A ACE= 4137114 
and the area of the A CDE= 3433J61^6 

the sum = 11774459.06 square 

links, and ^^774459-06 ^ 4 x 40 = 117 acres, 

100000 
2 roods, 39-134496 perph^s, the area of the five-sided 
field ABCDEA = Answer. 
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PROBLEM X. 

• ' ' '•■t J -^ 

Tojind the Area of a regular Polygon. 

•.■'•■.' ■' r : ' ' ■%.•., : • '•• . -.^ 

Ex. 2. ByRiile}. 14*6 x.6i= 87*6, the perim^r, 
or sum of the sides. 

-Then J (87^6 X 12-64397) = 553-805886, the area 
of the hexagod z= Answer^ 

Ej^. 3. By Rule 1. 9-941 x 8 zs 79-528, (he sum 

Then J (79-528 x 12) = 477-168, the area of the 
octaron =; Answer. 

Ex. 4. By Rule 1. 19*38 x 7 =: 135-66, the rani 
of the sides. 

Then i (135*66 x 20-1215) = 1364-841345, the area 
of the heptagon = Anhv^il . M ' / . 

Ex,5. By^Riilefil.. •202 k 7*$94209^r^ 3077-6836, 
the area of the decagon =: Answer, 

Ex. 6. ByRuie 1.. 102 x J^= l?2^, the suni of 
the sides. ^ ' 

Then J (1224 x 190-3345908)=^ 11 6484-7e*95696',* 
the area of t}iQ dupdecagoi^^: An^er^- ,, , , 

Ex. 7j ^ By Rxile 1 . 40 x 9 •=! 360, th*? teum 4>f th^ 

sides. - " ;' : 

Then i (360 X 54-949548) = 9890-91864, the area 

*■'..«• ■ ■ • • 

fix:' 8. By Rule 2. 202 ^ 9-365640 = 3746:^56; 
the area of the undecagon =: Answer. 



* ' - • 

' Ex/Sf^ "ByRulel. 20x3==66,the8umoftii^8ideii^ 
Then i(6b x $-773592) zz,173-5?05p6',^ tHe area of the 
trigonbiilftitt;^." ;,, ; * ',...• 

. Ex. 10. By Rule 1. J (20 x 4 x 10)^ 400^ the 
area of the tetragon p. Answer ». 



.:.:l'> 
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PROBLEM XI. 

... , 

Oiven the Diameter of a Circle to find the Circum^ 
ferencef or the CircttmfereiMie tofiikdthe Diameter, 

Ex. 3. By Rule 1. Case 3. 7970 x 31416 = 
25038*552 miles^ the circumferenGe = An$wer. 

ISx. 4. By Rule I. Case 3. 50 x 31416 = 157-08 
(jsety the circumference z= iln5ti;er. 

Ex. 5. By Rule 2. Case 3. H x -318309 tz 
3*819708, the diameter z: iln|i£;er; 

.. -f 

PROBLEM Xn. 

To find the Lbn^th of atty Arc of a Circle. ; 

'■ Ex. 3. By' Rui9.2. , J.(8 AD - AB) = 
J(7J33S36*x 8 — 6) lii 6*116896, the length of the 
arc ADB:=ii)Ui&«r. , 

Ex. 4. By Rule 1. OA x ADB** x 01745329 rr 
9 X 38°f9424412 x-ftl745329 =.9*1 17063476143932, 

the length of the arc ADB = Answer* 

'••■..,• ..." - • .■ • . 

Ex. 5. By Rule 2. I (8 AD — AB) =: § (3o*6i">c a 
-.-50*8) = 64$ inch^, the length of ^e arc ADB = 
Answer^ 

. Ex. 6w ♦>/AC«.i-CD2= vf2(^ + 15«= V625= 
!J5=AD, the choid of halfthe arc A DB. 
''then, by RuTe 2. |(8AD- AB)= K^TxT- 40) 
=: 53^ the length of the arc ADB = Answer. 



i^fc^1».irfc^— ^ ■ II I I ■ I I ■ ' |fc,^,„^,|^^,^^^^^ 
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Ex. 7. By Rule 1. OA x ADB x 01745329 = 
11-3 X 52-25° X -01745329= 10-30485874825, the 
length of the arc ADB zz Answer. 

Ex. 8 By Note 8. fAC^iz EC x CD, /. EC = 
AC2 -s- CD !it 182 -H 6 = 54; /. ED= EC+CD z= 54 

4- 6 =: 60, the diameter z= Answer. 

Ex. 9. By Note 8. fACSzr EC x CD, .% EC=: 
AC2-r CD = 92-r- 4 = 20J ; /. ED = EC + CD = 
204 H- 4 =: 24J, the di^uneter zz Answer. 



Ex. 10. ♦v'OA« — CA«= V 102^ 6^= V 64= 
8 = OC ; hence OD —PC =10 — 8 = 2 = CD, tiie 
versed sine. Now,*VCA2 + CD2= ->/6H^*= V40 
= 6-32455532 = AD, the chord of h alf the arc ADB. 
Then, by Rule 2, J(8AD — AB)= J (6-32455532 x 8 
— 12) = 12.86548085, the length of the arc ADB = 
Answer. 

Or, find the length of the arc thus : 



ByNotetoRule2. ( 5ED v ^g^D _ 3CD + 
4 s/EDT^nCD ) xf=( 5 X 20^ ^(5x20)1(3x2^ 
+ 4 >/ 20lr2 ) X i = (100^^ + 4^/40) 

Xf=f ( 25^ J+ 2 VTO ) = * (1^ V535 + 

2 VTO ) =f (81541009+6-3245554)=12-8699167, 
the length of the arc ADB = Answer, as before nearly. 



f Euclid, 35. p, iii. b. 'Euclid, 47. p, i. b. 

C 
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PROBLEM XIII. 

To find the Area of a Circle. 

Ex. 2. Bjr Rule 1. J (3*1416 x 1) = -7854, tlie 
area of the circle =: Answer, 

Ex. 3. Py Rule 2. 22-62 x -7854 = 40M50904, 
the area of the circle = Answer. 

Ex. 4. By Rule 3. As 452 : 355 : : 22-62 : 401 -15^ 
the area of the circle = Answer, 

Ex. 5. By Rule 4j. Asl4 ; 11 :: 22.6« : 401-31, 
the area of the circle = Answer. 

.Ex. 6. By Rule 5, 71^ x -07958 = 401-16278, 
Uie area of the circle =: Answer. 

Ex. 7. By Rule 6. As 88 ; 7 :: 71^ : 400-9886, 
the area of the circle =: Answer, 

Ex. 8. By Rule 7. As 1420 : 113 :: 71^ : 401-15, 
the area of the circle zz Answer^ . 

Ex. 9. By Rule 2. 12^ x -7854 = 113-0976, the 
area of the circle =: ATiswer. 

Ex.10. ByRulel. J(12 x 37-6992)= 1130976, 
the area of the circle = AnsTver. 

Ex. 11. By Rule 5. 37-6992^ x -07958 = 
113-1014579853312, the area of the circle = Answer. 

Ex. 12. 200 -r- 2 = 100 poles, the circumference of 

the bowling-green. 

Then, by Rule 5, 100^ x -07958 = 795-8 square 

795-8 
poles, or perches, and x 4 x 40 == 4 acres, 3 

roods^, 35^8 perches, the area of the bowling-green = 
Answer. 
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Ex. 13. 21*15 X 2 = 55'5 yards, the diameter- 
Then, by Rule 2, 55*5^ x -TSM = 2419-22835 
square yards, the quantity of ground the fish-pond took 
up= Answer. 

Ex. 14. By Rule 1, and Note. J (47-124 x 15) 
=: 353-43, the area of the semicircle = Answer, 

Ex. 15. By Rule 2, and Note. I (200^ x -7854) 
== 15708, the area of the semicircle = Answer, 

Ex. 16. By Rule 1, and Note. I / 1^7-08 x 50 \ 
= 981-75, the sgrea of the semicircle == Answer, 

Ex. 17. 23-562 x 2 = 47124, half the circum- 
ference; and, by the question, half the diameter = 15. 
Then, by Rule 1, and Note, i(47-124 x 15) = 
176.715, the area of the quaihrant= Answer, 

Ex. 18. By Rule 2, and Note. J(2002 x -7854) 
= 7854, the area of the quadrant =: Answer, 



PROBLEM XIV. 

Given the Diameter y Circumference^ or Area of a 
Circle ; to find the Side of a Square equal in Area 
to the Circle, and the Side of a Square tTiscribed 
in the Circle : or^ having the Side of a Square given, 
to find the Diameter of its circumscribing Circle, 
and also of a Circle equal in Area, Sfc, 

Ex.1. ByRulel. 22-6 x •8862269=20-02872794, 
the side of the square equal in area to the circle r=iln5. 

• Ex. 2. By Rule 2. 40 x -2820948 = 11-283792, 
the side of the square equal in area to the circle =:iln5. 

Ex. 3. By Rule 3. 50 x -7071068 = 35-35534, the 
side of the square inscribed in the circle zi Answer, 

c2 
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Then , by Rule 2. F irst, >/ AF« + FG2= v'10-262+ 6-1192 
=z >/ 142-504661 = 1 1 ' 9375= AG, the c hord of half the 
arc A GB. Second ly, V AB* + FG* = ^20-5^+6-1 19^ 
= >/ 457-692161 = 21-3937. Th en (21-3937 x 2 -f 
AG) X FG X -^ = (21-3937 x 2 + 11-9375) x 6-119 
X ^ = 89*2964434, the area of the less segment 
ABGA. 

Hence the area of the )__^ocnoooAc 
whole circle AGBEDA ( - ^25-983305, 

and the area of the less \ _ gQ.oofiu'U • 
segment ABGA 5 - ^^ ^^^^^'^ ' 

the difference = 336-68686 15, the area 
of the greater segment ADEBFA =: Answer. 

Ex.5. By Rule 1. [Note 8, Prob. XII.] (AFs^FG) 
-fFG= (9-452 -1-2-4) +2-4= 39-609375, the diameter 
DG, which -5- by 2 = 19-8046875, the radius CG; .-. 
CG — FG = 19-8046875 - 2-4 = 17-4046875 = CF, 
th e ± of th e A A CB. Now , *VAF^ .+ FG* = 
V 9.452 4. 2-42 = n/ 95-0625 = 9-75. = AG, the chord 
of half the arc AGB. Then, by Rule, Prob. IV, J (CF 
X AB)= } (17-4046875 x 18-9)= 164-474296875, 
the area of the a ACB . Then, b y Rule 2, Prob. XII, 
J(8AG - AB) = J(9-75 x 8 - 18-9) = 19-7, the 
length of the arc AGB, which -7- by 2= 9-85, the length 
of the arc AG, or = } AGB. Then, by Rule 1 , 
Prob. XV, the arc AG x CG =: 9-85 x 19-8046875 =z 
195-076171875, the area of the sector ACBGA. 

"r^o^lc^So? ""^ } = 195-076171875. 
"'an^fe'ACB *^ ^' } = 164-474296875 ; 

the difference = 30-601875000, the area 
of the segrment ABGA = Answer, 

•Euclid, 47. p, i. b. 
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By Rule 2. First, ^/JWT^F^ =:: V9-45^ + 2'4« 

= >/ 95-0625= 9-7 5 = AG, the chor d of half t he a<c 

A GB. Se condly, VAB^ -f FG ^zz V18'9g -h 2*4g=g 

>/ 362-97= 1 9-05177. Then (19-05177 x 2 + AG) 

xFGx^= (19-06177 X 2^9-75) x 2-4 x -^ = 
30-6262656, the area of the segme nt AB GA = Answ er, 

Note,— Rule 3. V AF* + FG2 = >/9-452H-2-4« = 
V 95-0625= 9-75= AG, the cho rd of half th e arc AGB. 
Then (f AG + AB) x f FG = (9-75 x |- + 18-9) x 
(2-4 X f ) = 30-6-24, the area of the segment ABGA 
= Answer. 

Note,— Rule 4. §(AB x FG)+(F G«-r2AB)=(18-9 
X 2-4 X i) + (2-48 ^ 18-9 X 2) = 30-605714, the 
area of the segment ABGA = Answer, 

Ex. 6. By Rule 1. [Note 8, Prob. XIL] (AF-^FG) 
+ FG = (11-52^ 3-5) + 3-5 = 41-28,. the diameter 
DG, which ^ by 2 = 20-64, the radius CG ; /. CG 
— FG = 20-64 — 3-5 = 17-14 = C F, the J, of the a 
A CB. N ow, *>/AF2 -h FG« = >/ll-5« + 3.52 = 
V 144-50 = 12-0208 = AG, the chord of half the arc 
AGB. Then, by Rule, Prob. IV, J (OF x AB) = 
J (17-14 X 23) = 197-11, the area of the a ACB. 
T hen, by Rul e 2, Prob. XII, J (8 AG — AB) = 
J (12-0208 X 8— 23) = 24-3888, the length of the arc 
AGB, which -f- by 2 = 12-1944, the length of the arc 
AG. Then, by Rule 1, Prob. XV, the arc AG x CG 
= 12-1944, X 20-64 = 251-692416, the area of the 
sector ACBGA. 

Hence the area of the sector ACBGA = 251 -697^6, 

and the area of the triangle ACB = 197-^1^00; 

^ ' 
the difference =? 54-582416, 

the area of the segment ABGA = Answer. 



•Euclid, 47. p,i.b. 
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B y Rule 2 . First, VAF^ + FG« = >/ll-5« + 3-5« 
= >/144'50 = 12'Q2081 = AG, gie cho rd of half the 
ar cAGB, Secondly, >/ABg-f FGg= »s/ 23^-^ 3- 5^ :=z 
is/541-25 = 23-2 6478. Then, (23-26478 x 2 + AG) 
X FG X tV = (23-26478 x 2 + 12-02081) x 3-5 x 
^=2 54-647012, the area of the segment ABGA =z 
Answer. 

Ex. 7. By Note 8, Prob. XII. AFs ^ FD = 6^ -^ 
18 =: 2 1^: FGr, the versed sine of the smaller segment 
ABGA ; .\ FG + FD = 2 -f 18 = 20, the diameter 
DG. Then, by Rule 2, Pi-ob. XIII, DG^ x -7854=202 
X -7854= 314-16, the area of the whole circle A PE 
B GA. Th en, by Rule 2. First, VAF^ -h FG* = 
>/62 + 22 = V40 = 6-324 55 = AG, the chord of 
half the arc AGB. Secondly, V A B« + FG^ = >/ 1 2^ -f 2^ 
= is/148 = 12- 165525. Then, (12-165525 x 2 + AG) 

X FG X tV= (12-165525 x 2 + 6-32455) x 2 x ^ 
= 16-349653, die area of the smaller segment ABGA." 

Hence the area of the whole ) oi.ii c aaa a 
circle ADEBGA ] =314-160000, 

and the area of the smaller ) i z5 o >• a^ ro 
se^entABGA }= 16-349653; 

the difference = 297 -8 1 0346, the area 
of the greater segment ADEBFA = Answer, 



PROBLEM XVII. 

To Jtnd ihe Area of the Segment of a Circle hy the 
Tabu given at the end of the Treatise. 

Ex. 4. By Notes, Prob. XII. (62-e- 18)H-18=20, 
the diameter. Then, by Rule and Note, [Exam. 2.], 1 8 
-T- by 20 = -900 ; hence 1 - -900 = -100, the tabular 
height, against which stands the Area Seg. -040875 ; 
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then -7854 — -040875;= -744525, thecortect tabular 
Area Seg.; hence -744525 y, 20« = 297-81, the area 
of the segment =: Ajiswer. 

Ex. 5. By Note 8, Prob. XII.' (10«-t-5) 4-5=: 25, 
the diameter. Then, by Rule, [Exam. 1 .], 5 -^ by 25 is 
-200, the tabular height, against which stands the Area 
Seg. -111823; hence -111823 x 25« = 69-889375, the 
area of the segment = Answer. 



PROBLEM XVIII. 

To find the Area of a Circular Zone, or the Space 
included by two parallel Chords, and the Arcs con- 
tained between theni. 

Ex. 2. By Note to this VtoYAeoi.^General Con- 
struction, and General Method of Solu tion, j (AB — 
C D) =1(96 ^ 60) =18 = wiB ; /. * ^/BiHT+WS^ = 
V262 + 18« = \/l000"= 31-62277 = DB= AC; 
and AB — ?»B = 96 — 18 = 78 = Am. Then, by 
Note 8, Prob. XII, (Am x mB) -t- Dm = (78 x 18) -r- 
26 = 54 = mE , and Dm + m E = 2 6 4-54= 80 = 
D E; .\ *^>/C Dg + Pg = J>/60« + 80« = 
1^^3600-1.6400= i V 10000= 50, the radius of the 
circle = i CE = FH. Now, by the Note, or (Euclid^ 
4.p, vi.b.), as DB : Dm :: AE (= 20F) : Am; /. 
(DB X Am) -H 2 Dm = (31-62277 x 78) ^ (26 x 2). 
= 47-43415= OF; .-. FH — OF = 50 — 47-43415 
= 2-56584 = OH, the height of the segment AHC. 
Then, by Note, and Exam. 3, Prob. XVII, OH^CE= 
2-56584 -r 1 00 = -0256584, the tabular ilrca jSfc^r. cor- 
responding to which is -0054380544; hence -0054380544 
X 1002 = 54-380544, the area of the se gment AHC. 
T hen, by R ule, Prob. VIII, }(AB + CD x Dm) = 
J (96 4- 60 X 26) = 2028, the area of the trapezoid 
ABDCA. 



«lacli4,47.p,i.l^. 
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Then, by the R ule, ABDCA -f 2AHC = 2028 4- 
64.380544 x 2 = 2136*761088, the aiea of the zone 
ABDCHA = Answer. 

Ex. 3. i (AB -i CD) = 1(48 — 30) = 9^ = wiB. 
Now, CA=: DB ; hen ce* V DBg--mBg=: V 15-8n4«— 9« 
=: V169-00036996 = 13=: Dm.; :\ AB — mB=48— 
9 = 39 = Am. Then, by Note 8, Prob. XII, (Am x 
mB) -r Dm = (39 x 9) 4-' 13r= 27 = mE, and Dm +' 
m E= 13-f2 7 = 4 0=:DE; .\* hs/C D^ + DIS^ = 
JV302 -h 402 = JV900 + 1600 z= }>/2500 = 25, 
the radius of the circle = | CE = FH. Now, by Note 
to this Problem, (DB x Am)-i- 2Dm = (15-8114 x 
39) -i- (13 X 2) = 23-7171 = OF ; and FH — OF = 
25 — 23-7171 = 1-2829 = OH, the height of the seg- 
ment AHC. Then, by Note, and Exam. 3, Prob. XVII, 
OH -f. CE = 1-2829 -=- 50 = -025658, the tabular 
Area Seg. correspoiiding to which is -005437928 ; hence 
-005437928 x 502= 13-59482, the are a of the se g- 
ment AHC , Then, b y Rule, Prob. VIII, J (AB-hCD x 
Dm) = J (48 + 30 x.l3) = 507, the area of the 
trapezoid ABDC A. Then, by the Rule, ABDCA + 
2AHC = 507 -i- 13-59482 x 2 = 534-18964, the area 
of the zone ABDCHA == Answer. 

Ex.4. ( See Fig. 6. of thi s Key). By R ul e 2, Vrob. 
XVI. Firsl,VA0«+H02= V9-452+2-42= n/ 95-0625' 
di 9-75 = AH, the ch ord of half the arc AHC. 
Secondly, VAQg + H 02 = >/18-92 + 2-4g=\/ 362-97 
= 19-0517 7. Then, (19- 05177 x 2 + AH) x HO. 

X :-^ = (19-05177 X 2 + 9-75) x 2-4 x ^ = 
30-62.62656, the area of the segment AHC. Now, 
half the chord ED = Er = 11-5, and the height of the 
segment EBSD=rS= 3- 5. Then, by Ru le 2, P rob.XV I. 
First, VEr* + rS2=: >/ll-5« + 3-5^ =: is/144-5 = 
12-02081 =: E S, the c hor d of half t he arcJDSBE- 
Secondly, is/ED«H-rS2= V23«+3-52= V 541 -25 = 

* Euclid, 47« p. Lb. 
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23'2647f8. Th en, (23-26478 x. 2 + ES) x rS x ^= 
(23.26478 x 2 + 12-02081) x 3-5.X ^= 54-647012, 
the area of the segment £BSD. Now, the J^ let fall 
from D upon the diagcmal C£ = DF = 16*2 ; and that 
from A to the di agonal CE = A» zz 1 6. Then, b y Rule, 
Prob. VII, i (DF + An x CE)= J(16-2 + 16 x 34) 
=z 547*4, the area of the trapezium jAEDC A. 

Hence the area of the ) _ on uncnuca 
segment AtlO \ = 30-6262656, . ^ 

the area of the seg- \ _ 54.647010 
ment EBSD ^ - ^4 D47Ul^, 

and the area of the ) _ ^Afj.AriQQryQ . 
trs^zium AEDCA j - ^^7 4wuuu , 

the sum r= 632-6732776, the area 
of the whole compound figure ABBSDCHA zr Answer, 

PROBLEM XIX. 

To find the'drea of a circular Ming] or of the ^dce 
incltided between two concentric Circles, 

Ex. 2. (AB + CD) X (AB ~ CD) x -7854 = 
(24 + 18) X (24- 18) X -7854 = 42 x 6 x .7854 = 
1 97*9208 square feet, the area of the ring mmzz Answer, 

Ex. 3. (AB + CD) X (AB - CD) x -7854 = 
(32 + 25) X (32 - 25) x '7854 = 57 x 7 x -7854 
= 313-3746 square feet, the area of the ring mm = 
Answer, 

Ex. 4. • The longer diameter AB = 56 yards, and 
the shorter diameter CD = 52 yards ; hence (AB + CD) 
X (AB - CD) X -7854 = (56 + 52) x (56- 52) x -7854 
= 108 X 4 X -7854 = 339-2928 square yards, the area 
of the gravel walk mm. Then, as 1 sq. yd. : 339*2928 
sq. yds. :: 25. 6rf. : £42. 85. 2|(f.*136, the expense of 
the gravel = Answer, 
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Ex.5. By t he Note! [See Diagram]. i(DE + BC 
X BD) = } (37 ft. 6 in. + 36 ft. 4 in. x 2ft. 6 m.) 
r: 92 fe^t, 3 inches, 6 seconds, the area of the circu- 
lar part of the arc DECBD = Answer, 



PROBLEM XX. 

To find the area of a Lune, or the Space included 
between the intersecting. Arcs of two Eccentric 
Circles. 

Ex. 2. (See Fig.l .vf-ila s Key .) By Rul e 2, Prob. 
XVI. First, >/AE2 + EC^ = >/202 + I52 = V625 
= 25 = AC, th e chord of half the arc ACB. Secondly, 
V'AB^ -h EC2 = V40g + 15g = N/T825 = 
42-72 0018. Then, ( 42-720018 x 2 + AC) x EC x 

^ = (42-720018 X 2 + 25) x 15 x iV = 441-760144, 
flie area of the greater seg ment ABCA . Again, by 
Rule 2, Prob. XVI. First, VAE2+ED2 = a/20« -h 2^ 
= >/404 = 20-0997 51 == AD, th e ch ord of ha lf t he arc 
ADB. Secondly, V AB^ -f EPg = >/40g +2g=: >/T604 
= 40-04 9968. Then, (4 0049968 x 2 + AD) x ED 
X tV = (40-049968 x 2 -f 20-099751) x 2 x ^ = 
53*439833, the area of the less segment ABDA. 

Hence the area of the V .., rtot^-iAA 
greater segment ABCA } = ^1*760144, 

and the area of the less) ,^« a,^^^^^ 

segment ABDA } = 53-439833 ; 

the difference = 388-320311, the area 
of the lune ADBCA = Answer. 

Ex. 3. By Note 8, Prob. XII. <AE2 -^ EC) 4- EC 
=: (122 -H 9) -f 9 =25, the diameter of the circle of 
which ACB is an arc. Again, by Note 8, Prob. XII, 
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(AE2 -T- ED) + ED = (122 .^ 4) + 4 =; 40, the 
diameter of the circle of which ADB is an arc. Then, 
by Rule, Prob. XVII. Exam. 1, 9 -r- 25 = -360, the 
tabular Area Seg. corresponding to which is '254550 ; 
hence -254550 .x 252 = 159-09375, the area of 
the greater segment ABCA. Again, by Rule, Prob. 
XVII. Exam. 1, 4 -r- 40 = -100, the tabular ilrea ,%. 
corresponding to which is '040875; hence '040875 
X 402 — 65*4, the area of the less segment ABDA. 
Then, the area of the 1 _ 15Q.0Q375 
greatersegment ABCA 3 ' . 

And the area of the less J _ ^- viaaaa 

. ATtTiA } = o5'40000; 

segment ABDA 3 ' 

the difference = 93-69375, the area of 
the lune ADBCA =: Answer. 
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THE 

MENSURATION OF THE CONIC SECTIONS, 



1. — OF THE ELLIPSE. 

PROBLEM XXI.* 

The transverse and conjugate Diameters of an Ellipse 
being given, to find the Area, 

Ex. 2. AB X CD X -7854 = 50 x 40 x -7854 = 
1570*8, the area of the ellipse ACBDA = Answer. 

Ex.3. ABx CDx •7854=70x 50x •7854=2748-9, 
the area of the ellipse ACBD A=: Answer, 

Ex. 4. AB X CD X -7854 = 24 x 18 x -7854 = 
339-2928, the area of the ellipse ACBDA = Answer. 

PROBLEM XXII. 

To find the Area of an Elliptical Ring, or the Space 
included between the Circumferences of two concen- 
trie and similar Ellipses. 

Ex.2. ByRuleProb.XXIEFx GHx 7854= 840 x 
612 X -7854=403758-432 square links, and ^^f qqqqq^-^ 

X 4 X 40= 4 acres, roods, 60134912 perches, the 
area of the ell ipse within the wall EGFHE =U^ Ans. 
Then (AE + FB-f- 7-92 inches in a Imk) + EF= (14in.+ 



* See Uie Diagram to Prob. AXII. 
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14 in. -r-7-92) + 840= 8 43-53535 li nks, the outer trans- 
verse diameter AB, and (CG + HD -r- 7-92) + GH = 
(14 in. + 14in. -r- 7-92) + 612= 615-53535 links, the 
outer conjugate diameter CD. Then, by the Rule, AB 
X CD= 843-53535 X 615-53535=519225-8268996225 
links the product of the two outer diameters, and £F x 
GH=840x 612 = 5140 80 links, the product of the two 
inner diameters; hence 519225-8268996225—514080 
X -7854=4041-5324469635115 square links, which -r 
by 20-6611 (sq. links in a sq. yard) = 195-6107103185. 
square yards, the contents of the ground on which the 
wall stQXids:=:2nd Answer. 

Ex. 3. AE H- EF+FB = 5J H-30+5J=41 feet, the 
outer transverse diameter AB, and CG + GH + HDzz 
5 J -f 24 + 5 J= 35 feet, the outer conjugate diameter CD. ; 
TTien, by the Rule, AB x CD=41 x 35= 1435 feet, the 
product of the two outer diameters, and EF x GH = 30 
X 24= 720 feet, th e product of the two inner diameters; 
hence 1435 — 720 x -7854 = 561-561 square feet, the 
area of the walk ::z 1st Answer; 

Then 1 sq.yard : 561-561 sq. feet: 1 4*. : £12. 9*. 6|rf. 
-968 the expense of paving the elliptical walk = 2nd 
Answer, 



PROBLEM XXIII. 

Given the Height of an Elliptical Segment, whose Base 
is parallel to either of the Axes of the Ellipse, and 
the two Axes to find the Area, 

Ex. 2. (5eeNote 8, Prob. XII. or Euclid, 35 p. iii. b.) 
(See Fig. 8 of this Key.) By Rule 1 (CD — PC) x 
PC=(40— 4) X 4=144=rP x Pc or = rP^ the square 
of half the chord of the c ircul ar segment rcCr, whose 
height is 4 = PC and 2 sfr^ = 2 VliJ =12x2 
:z 24 1= re the chord of the circular segment reCr, 

D 2 
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Then , by Rul e 2, Prob. XVI. First, »JrV^ + PO 
= V^144 + 16 =z v^l60 = 12-64911 = Cr, the chord 
of half the arc o f the circular seg ment reCr, Secondly, 
s/ reg 4- PCg"= ^ 242 + 4^ =z ^/"59 2 = 24'33105> 
Then (24-33105 x 2+Cr) x PCx ^ =(24-33105 x 2 
4- 12-64911) X 4 X ^ = 65-398624, the area of the 
circular segment reCr. 

Lastly, CD : AB :: reCr : NVCN, viz. 40 : 120:: 
65-398624 : 196-195872, the area of the elliptical seg- 
ment ^ Answer, 

ByRule2. (^ee Rule, Prob. XVII. Exam.l.) PC-r-CD 
=: 4 -r- 40 = -100, the tabular height, against which 
stands the Area Seg. -040875; hence 040875 x AB 
X CD = -040875 X 120 X 40 = 196-2, the area of 
the elliptical segment NVCN = Answer. 

Ex. 3. (See Fig 8 of this Key.) By Rule 1 *(AB— 
tmB) X wB = (35—10) X 10 = 250= awi x mc or zzam^, 
the square of half the chord of the c ircula r segment 
acBa, whose height is 10=mB, and 2 t^am^zz 2 \/250 
= 15-811388 X 2 = 31-62-2776 = ac the chord of the 
circular segment acBa . Th en, by Rule 2, Prob. XVI. 
First, V aw2 + mB^ = ^/ 250 + 100 = ^/"350 = 
18-7082869 = aB, the chord of half t he arc of the ctV- 
cular segment acBa. Secondl y, »y ac^ -f- mB^ := 
V 31-6227762+ 10^= v^TTOO"= 33- 1662479. Then 
(33-1662479x2 + aB) x mB XtV= (33-1662479 x 2 
+ 18-7082869) x 10 x -^ = 226-77542, the area of 
the circular segment ac'Ba. 

Lastly, AB : CD : : acBa : GHBG, viz. 35 : 25 : : 
226-77542 : 161-982442, the area of the elliptical seg- 
ment = Answer. 

By Rule 2. {See Rule, and Note Prob. XVII. Exam. 3.) 
wiB -r- AB = 10 -r 35 = -2854, the tabular height, the 



* Euclid, 35 p. iii. b. 
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Area Seg. correspoadmg to whieh is *L85166; then 
•185166 X AB X CD = -185166 x 35 x 25 = 
16202025, the area of the elliptical segment GHBG = 
Answer, 

Ex.4. (See Fig S of this Key.) By Rule 1, •(CD 
— PC) x PC = (25—5) X 5 = 100 = r^ x Pe, or =; 
rP«, the square of half the cho rd of a cir cular segment 
whoseheightis5 = PC,and2 ^/rP« = 2 >/ 100 =10x2 
= 20 =: r«, the chcNrd of the circular segment reCr. 
T hen, by Ru le 2, Prob. XVI. First, v^rP« + PC* = 
V 100+ 25 = V 125 = 11-180339 = Cr, the AdnJ of 
h alf the arc o f the circular segme nt reCr . Secondly, 
n/ r^g -f PC^ =: ^/ 2 0« 4- 5^ = ^y 425 ?? 2Q'6l^28, 
Then (20-615528 X 2+ Cr) x VCx ^=(20-615528x2 
+ 11-180339) X 5 X -^ = 69-88186, the area of the 
circular segment reCr, 

Lastly, CD : AB : : reCr : NVCN, viz. 25 : 35 : : 
69-88186 : 97-8346, the area of the elliptical segment 
= Answer. 

By Rule 2. (See Rule, Prob. XVIL Exam. 1.) PC-r- 
CD z: 5-^ 25 = '200, the tabular height, against w^idi^ 
stands the Area Seg. -111823; hence *I1182dxABx 
CD = -11 1823 X 35x 25 = 97-845125, the area of the 
elliptical segment. NVCN =: Answer. 

Ex. 5. (See Fig. 8 af this Key.) By Rule 1 , •(AB 
— mB) X mB= (70— 20> x 20 = 1000 = am x mc, or = 
om^, the square of half tlie chord of the circula r se gment . 

ocBa, whose height is 20= mB, and 2 Vaw«=2 v^lOOO- 
= 31 -622776 x 2 =: 63-245552= ac, the chord of the cir- 
cu lar segment flcBa. Then, byJElule 2, Prob . XVI. First, 
N/am«+wB«=\/1000-f 400= ^/1400= 37-416573 
= aB, the chord of half the arc of the circular segment 



• Euclid, S5 p. iii. b. 
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acBa^ Secondly, »yac^ -h mB^zz ^/ 63-245552^4- 20^ 

= n/4400 = 66-332 495. Then (6 6-332495 x 2 + 
aB) xmB X -^=1 (66*332495 x 2 -f- 37-416573) x 
20 X tV = 907-101669, the area of the circular 
segment acBa. ^ 

Lastly, AB : CD : : acBa : GHBG, viz 70 : 50 : : 
907-I01669.: 647-929763, the area of the elliptical 
segm^t = Answer, 

By Rule 2., (See Rule and Note Prob. XVII. Exam. 3.) 
mB 4-. AB It 20 -r- 70 = -285^ the tabular height, the 
Ar)ea Seg, corresponding to which is '185166; then 
•185166 X ABx CD= •185166x 70x 50=:648-081, 
the area of the elliptical segment GHBG = Answer, 



PROBLEM XXIV.* 

Given the two Diameters of an Ellipse to find the 

Circumference, 

Ex. 2.' By Rule 1. (AB -f CD) x 1*5708 = (50 + 
40) X 1*5708= 141*372 yards, the circumference of the 
ellipse ACBD =: Answer, 

By Rule 2, J (AB-f-CD) = | (50 -h 4 0) = 45 yards, 
the h alf sum of the t wo dia meters . Then 'J J ( AB^ -h CD^) 
= n/ J (502 4. 402) — ^/2050 = 45*27692569 yards. 
•Then(45*27692569 4-45) x 1-5708= 141-806994873852 
yards, the circumference of the ellipse ACBD= Answer, 



* See the Diagram to Prob. XXllI. 
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Ex.3. ByRulel. AB+CDx 1-5708= 70+5ax 
1'5708 = 188-496, the circumference of the dlipse 
ACBD = Answer. 

By Rule 2. J (AB + CD) = J (70 + 50) =60 , 
the half sumof thetw odia meters . Then >/ J (AB^ + CD^) 
= \/ 1 (70« + 5 0g) = \/3700 = 60-82762. Then 
. 60-82762 + 60 X 1-5708 = 189-796025496, the cir- 
cumference of the ellipse ACBD = Answer. 



PROBLEM XXV.* 

Any three of the four following Quantities being given 
to find the fourth : viz. an Ordinate , and its Ab- 
scissas, and the two Axes. 

CASE I. 

When the transverse, conjugate, and abscissae are 
given, to find the ordinate. 



Ex. 2. AB : CD : : ^/ (AB — mB) x mB : Gm, 

^. 80 : 60 :: V (80-16) x 16 : ^^ -^(«Q-^^)x ^^ 

60 n/ 64x16 60x8x4 „^ ,,,_,, ^ 
^ 80 ^ 80 ^ ' length of the 

ordinate = Answer. 

CASE 2. 

When the transverse axis, conjugate, and ordinate are 
given, to find the abscissas. 



Ex.2 , n/ CD^ — 4 Gm2 = V 60« — (24^ x 4) = 
V 1296 = 36, which -r- by 2 = 18. 
Then, as CD : AB :: 18 : Om, viz. 60 ; 80 :: 18 : 



♦ See the Diagram (o Prob. XXIII. 
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80 X 18 

-—^r: — = 24, the distance of the ordinate from the 
60 

centre, O, of the ellipse ACBD. 

/. J AB -f Om zz (80 -r- 2) -f- 24 = 64^ 

the greater abscissa Am, f . 

And J AB - Om = (80-r-2) - 24 zi 16 ^"-^^w;er. 
tibe less abscissa Bm, J 



CASE III. 

When the conjugate axis, ordinate, and abscissas are 
given, to find the transverse. 

Ex. 2. I CD = (60-f-2) z= 30, th e semi-conjuga te 
a xis PC . Then ^/ OC2 — Gm^ = V 30 2 — 24 2 = 

s/ 324 z= 18, the square root of the difference of the 
squares of the semi-conjugate axis and the ordinate ; 
hence OC — 18 = 30—18 = 12 the difference. 
Then, as Gwi^ : CD x Aw :: 12 : AB, viz. 24^ : 
60 X 64 :: 12 : 80, the length of the transverse axis 
zz Answer. 



CASE IV. 

When the transverse axis, ordinate, and abscissas are 
given, to find the conjugate axis. 

Ex. 2. AB — Am = 80 — 64 z= 16, the less ab- 
scissa, mB. 

Then n/ Am x mB = \/ 64 x 16 zz >/1024 = 32, 
the square root of the product of the two abscissas. 

Then as 32 : Gm :: AB : CD, viz. 32 : 24 :; 80 : 
60, the length of the conjugate axis =: Answer. 
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2. OF THE PARABOLA. 

PROBLEM XXVI. 

To find the Area of a Parabola^ its Base and Height 

being given, 

Ex.2. (HI X mO)x§=(16xlO)x§=: lOeg, the 
area of the paiabola HIGH := Answer, 

Ex. 3. (CE X GO) X § = (38 X 12) X § = 304, 
the area of the parabola CEOC =: Answer. 

PROBLEM XXVII. 

To find the Area of the Zone of a Parabola, or of the 
Space included between two parallel double Or- 
dinates, 

(CE^ H- HI^) -h (CE X HI) _ 
lix. z. CE + HI — 

(25'298g + 16g) + (25-298 x 16) _ 1300-756804 

25-298 + 16 — 41-298 

= 31-4968 the quotient, and 31-4968 x (Gm x §) 
= 31-4968 X (9 X §) = 188-9808, the area of the 
zone CEIH zz Answer. 

(AB2 + CEg) + (AB X CE) _ 
^' '^' AB + CE — 

(24g + 20^) + (24 X 20) 1456 ._ , 

24 + 20 = ~W ^ ^^A ^^^ ^^^ 

tienty and 33^ x (DG x §) = 33^34- x (5-5 x §) = 
121 J, the area of the zone ABEC =: Answer. 

PROBLEM XXVIII. 

To find the Length of any Arc of a Parabola, cut off 

by a double Ordinate. 

Ex. 2. N/Hm2 + ^ w02 = n/ 82 -f (f X 32) = 
n/ 76 z= 8-71779 = HO, half the length of the curve 
nearly. 
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Then (Hm2 + § mO^) x |^ = 8^ + (§ x 3^) x | 
= -|- =z 35, the quotient. Then (HO x 9 — 35) x 



8 



f = (8-71779 X 9 - 35) X f = 17-38404, the length 
of the curve HOI zi Answer, 



PROBLEIVI XXIX. 

In a Parabola f any three of the four following Terms 
being given, viz. any two Ordinates and their two 
Abscissas, to ^nd a fourth. 

Ex. 2. Hwi2 :0m:: CG2 : go, viz. 62 : 9 : : 8«, : 

16, the abscissa = Answer, 

Ex. 3. First, for the ordinate corresponding to the 
abscissa DO =z 9. Then as mO : Hm^ : : DO : AD^, 
vi z, 4 : 8^ ;: 9 : 144, the square of the ordinate; /. 
V AD2 = \/ 144 = 12, the ordinate AD. 

Second, for the ordinate corresponding to the ab- 
scissa mO zz 4. Then as DO : AD2 : : mO ; VLm^, 
viz, 9 : 122 ; ; 4 ; 64, the square of the ordinate ; / 



• • 



\/ Hm2 =: >/ 64 = 8, the ordinate Mm, 

Third, for the abscissa corresponding to the ordinate 
AD = 12. Then as Hm2 : mO : : AD2 : DO, viz, 82 : 
4 :: 122 : 9, the abscissa. 

Fourth, for the abscissa corresponding to the ordinate 
Hm 1= 8; Then as AD2 : DO :: Hm2 : mO, viz. 122 
: 9 : : 82 : 4, the abscissa. 



PROBLEM XXX 

Given two Ordinates perpendicular to the Axis, and 
their Distance to find the corresponding Abscissas. 

Ex. 2. AD2-CG2 : DG: : AD2 : DO, viz, 102-62 : 6 
:; 102 . 9*375^ the greater abscissa =: \st Answer. 
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AD2— CG2 : DG : : CG2 : GO, viz. lO^ — 62 : 6 : : 
62 : 3' 375, the less abscissa = 2nd Answer, 



3. OF THE HYPERBOLA. 

PROBLEM XXXI. 

Given the transverse Axis of an Hyperbola^ the Conju- 
gate, and the Abscissa, to find the Area, 



Ex. 2. First, s/ (AB x EA) + f EA2 x 21 = 
V(30 X 10) + (f X 102) X 21 = 19-2724 x 21 = 
404-7204 the p roduct. 

Second, 4 n/ AB x EAiz 4 n/30x 10 =z 17-3205 
X 4 = 69-282. Then (69-282 -f- 404-7204) -f- 75 = 
6-32, the quotient. 

Third, (CD X EA X 4) -r- AB = (18 x 10 x 4) 
-r30 = 24, the quotient. Then 24 x 6-32 =1 151-68 
the area of the hyperbola PAG = Answer, 



Ex. 3. First, s/ (AB x BW) -f 4 BW2 x 21 =z 
s/ (50 X 25) + (f X 252) X 21 z= 41-1877 x 21 = 
864-941 7 the pr oduct. 

Second, 4 V AB x BW = 4 >/ 50 x 25 =: 35-3553 
X 4 = 141-4212. Then (141-4212 + 864-9417)^75 
zz 13-4181 the quotient. 

Third, (mBn x B W x 4) -f- AB zz (30 x 25 x 4)-?- 
50 =: 60, the quotient. 

Then 60 x 13-4181 = 805-086, the area of the hy- 
perbola TBS =: Answer, 

PROBLEM XXXII. 

To find the Length of any Arc of an Hyperbola, be- 
ginning at the Vertex, 

Ex. 2. First; CD2 -^ AB = 36 2 ^ 60 = 21-6, the 
latus rectum or parameter LR. 
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5eco«rf, (19 AB + lil LB) X lA- (19 x 60) + 
(21 X 21-6) X 20 =: 31872, the product. 

Again, (9 ABh-21 LR) x EA= (9 x 60) + (2J x 21-6) 
X 20 = 19872, the product. 

Then 31872 + 15 CD« = 31872 -f (15 x 362) =: 
51312, the greater sum. 

And 19872 + 15 CD* = 19872 + (15 x 36«) = 
39312, the less sum. 

Third, as 39312 : 51312 :: 24 : 31*326 = PLA, 
half the length of the curve, which x by 2 = 62*652, 
the length of the whole cuiTe PIARG =: Answer, 

Ex. 3. First y CDS h- AB = 20^ -4. 30 = 13*3', 
the latus rectum or parameter LR. 

Second, (19 AB 4- ^1 LR) x EA 3: (19 x 30) + 
(21 X 13-30 X 6 = 5100, the product. 

Again, (9AB + 21 LR) x EA = (9 x 30) + (21 
X 13-3') X 6= 3300, the product. 

Then 5100 + 15 CD2 = 5100 -f (15 x 20^) = 
11100 liie greater sum- 

And 3300 + 15 CD^ = 3300 + (15 x 20«) = 
9300, the less sum. 

Third, as 9300 : 11100 :: 9-797959 ; 11-^94338 = 
PLA, half the length of the curve, which x by 2 1= 
23-38867.6, th^ lei^ xjs£ the whole curve PLARG 
= Answer, 



PROBLEM XXXIII. 

In an Hyperbola, any three cf th^ four following 
Terms being given, viz, the transverse q,nd conjugate 
Diameters, an Ordinate and its Absdsjsai to find 
the fourth. 

CASE I. 

To find the Ordinate. 

iEx.-2. E;A + AB = 8 + 24 = 32, the greater 
abscissa £B. 

£ 
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Then as A B : CD : : V EA x EB : PE, viz. 24 

: 21 :: (>/ 8 x 32) = 16 : 14, the length of the 
ordinate = Answer. 

Ex. 3. WB + AB = 40 -h 120 = 160, the greater 
abscissa WA. 

Then as AB : mBn :: >/ WB x WA : TW, viz. 
120 : 72 :: (V40 x 160) = so : 48, the length of 
the ordinate =: Answer. 



CASE II. 

To find the two Abscissas. 



E x. 2. N/ mBng + 4 TW2 =z ^/'7WT^^x4S^) 
= >/ 14400 =: 120, the half = 60. 

Then as mBn : AB : : 60 : WO, viz. 72 : 120 : : 
60 : 100, the distance of the ordinate from the centre 
of the tmnsverse axis. 

Now WO — J AB =z 100 — 60 = 40, the less ab- 
scissa WB zz 1st Answer. 

And WO -f J AB = 100 + 60 = 160, the greater 
abscissa WA = 2nd Answer. 

Ex. 3. //CD^TTPE^ = N/182-f. (4x 128) = 
V900 = 30, the half =15. 

Then as CD : AB :: 15 : EO, viz. 18 : 30 :: 15 
: 25, the distance of the ordinate from the centre of the 
transverse axis. 

Now EO — J AB = 25 — 15 = 10, the less ab- 
scissa EA zz \st Answer. 

And EO + J AB = 25 -f 15 = 40, the greater 
abscissa EB = 2nd Answer. 

CASE III. 

To find the conjugate Axis. 

Ex. 2. EA + AB = 20 + 60 = 80, the greater 
abscissa EB. 
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Tfaeti as V EA x EB : PE :: AB : CD, viz. 
(\/20 X 80) = 40 : 24 :: 60 : 36, the conjugate 
axis = Answer. 

Ex. 3. WB -h BA =z 40 -f 120 = 160, the greater 
abscissa WA^ 

Then as >/ WA x WB : TW : : AB : wBw, viz. 
(>/160 X 40) = 80 : 48 :: 120 : 72, the conjugate 
axis = Answer, 



CASE IV. 

To find the transverse Axis. 

Ex. 2. v^(CD2-h4PE2) — CD = V(18«+4x 122) 
— 18 = 30 — 18 = 12, the half = 6. 

ThenasPE2 : 6 :: CD x EB : AB, viz. 12^ ; 
6 :: 18 X 40 : 30, the length of the transverse axis 
iz: Answer, 

Ex.3. \/(mB»2+ 4TW2) -f »iBw= n/(722 4-4x 48^) 
+ 72 = 120 -f 72 =z 192, the half = 96. 

Then as TW2 : 96 : : mBn x WB ; AB, viz. 48« 
: 96 :: 72 X 40 : 120, the transverse axis = 
Answer. 



PROBLEiVi XXXIV. 

To find the Area of a Curve hy equidistant Ordinates, 
the Base being divided into any even Number of 
equal Parts. 

Ex. 2. Here + 1 = 1, the sum of the first and 
last ordinates. Then (-4358899 +-7141428 + -8660254 
+ -9539392 + -9949874) x 4 = 15-8599388, four 
times the sum of the even ordinates. Then (-6 + -8 + 
•9165151 + -9797959) x 2 = 6-592622, twice the 
sum of the odd ordinates. Hence § (1- -f- 15-8599388 

E 2 
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+ 6-592622) X ^ = -78175202, ttie area of the quad- 
rant = Answer, 

Ex. 3. 14 + 25 = 39 feet, the sum of the first and 
last ordinates. 

Then (15 + 17+204-23) x 4= 300 feet, four times 
the sum of the even ordinates. 

Then (16 + 18+22) y 2 = 112 feet, twice the sum 
of the odd ordinates. 

Hence J (39 + 300 + 112) x 2 = 300f square feet, 
the area of the irregular figure =z Answer. 

Ex. 4. AD + GH^= 5 + 8 = 13, the sum of the 
first and last ordinates. 

Then 4 EF = 4 x 7 = 28, four times the sum of 
ike even ordinate ; hence J (13 + 28) x 5 = 68 J, the 
area of the figure AGHD =: Answer, 

Ex. 5. 1^ + 1^ = 1 + '5 = 1-5, the sum of the 
first and last ordmates. 

Then (4^ + ^ + -^ + JJ^ + 1^) X 4 = (•9'0' + 
•7'69230' + '& + -588235294 + -5263115789) x 4 
^ 13-838157708, four times the sum of the even 
ordinates. 

Then (fj + ^ + |^ + ^) X 2= (^83' + •ri4285' 
+ -625 + 5') X 2 n 5-456349204, twice the sum of the 
odd ordinates; hence J (1-5 + 13-838157708 + 
5-456349204) x ^V = '6931502304, the aiea of the 
curve = Answer, 

Ex. 6. Here the middle ordinate, being the abscissa, 
is 2, the first and last ordinates are each == 0, and the 
common distance = 6 ; hence the area is thus found 
J (4x 2) X 6 =: 16, the area = Answer, 
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MENSURATION OF SOLIDS. 



PROBLEM I. 

To find the solidity of a Cube. 

Ex. 2. AB3 = 17-53 = 5359-375 solid or cubic 
inches, which -r- by 1728 = 3-10149 solid or cubic feet 
ABCDEFG = Answer. 



Ex. 3. AB3 = 19ft. 4in:i3 — 7226 ft. 4 in. 5 sec • 
4 thirds the solidity of the cube ABCDEFG = Answer. 

Ex.4. AB3 = 10p3 = 1103^^ solid feet the 
content of the cellar ABCDEFG. 

Then as 1 solid yd. : 1103M solid ft. :: Is, : 
£2. Os. 10^^<?., the expense of digging tlie cellar =z 
Answer, 

223 1728 
Ex. 5. -^ n" 27 = ^4, the number of three- 
inch cubes = Answer. 



PROBLEM II. 

To find the Solidity of a Parallelopipedon. 

Ex. 2. AB X AG X AD = 25 ft. x 2 ft. 1 in. 
X 9 in. = 39 ft. in. 9 sec. the solid content of 
the timber ABCDEFG = Answer, 

Ex. 3. ABxAGxAD= 18 ft. x 1-25 ft. x l-25tt. 
= 28-125 ft. the solidity of the timber ABCDEFG. 
Then, as 28-125 solid ft. : 1 solid ft. : : 18 lineal ft. 
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: 7*68 lineal inches to be cut off, which will make a 
solid foot zz Answer. 

Ex. 4. AB X AG X AD = 16-75 ft. x 1-583 ft. 
X 2-75 ft. = 72-93075625 solid feet, the content of 
the timber ABCDEFG. 

Then, as 72-93 solid ft. : 1 solid ft. :: 16-75 lineal ft. 
: 2-756 inches in length, which make a solid foot 
= Answer, 



PROBLEM III. 

To find the Soliditt^ of a Prism, 

Ex. 2. Here 12 ft. 5 in. = 149 mtjhes. Then, by 
Rule 2, and Table, Prob. X. Superfices. 1 V x '43301 3 
=1 125*140757 sq. inches, the area of the base. Then, 

u xu i> 1 125-140757 X 149 in. i^-n/v>.no i.j 
by the Rule, jT=^g =r 10^904^3 solid 

feet := 1^^ Answer, 

To find the Superficies. 

By the Note. 149 in. x 17 in. x 3 ir: 7599 square 

inches, the area of the three sides. 

„ (125-140757 X 2) + 7599 _^ ^.^^^^ 
Hence -^^ 144^ "^ 54*508899 sq. 

feet, the superficies of the whole figure == 2nd Answer, 

Ex. 3. By Note to Rule 1, Prob. X. Superficies. 

28 -=- by 2 =: 14 inches cadi side of the base of the 

prism: Then, by Rule 2, and Table, Prob.X. Superficies. 

14« X 2-598076 = 509'222896 sq. inches, the area of 

m. t, ,_ « , 509*222896 x 134 in. 
the base. Tiien, by the Rule, ^728 

= 39-488349 cubic feet, the solidity of the hexagonal 
prism = Answer, 

To find the Superficies, 
By tiie Note. 134 in. x 14 ift. x 6 ££ 112568q. in., 
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. .,, . , (509-222896x2) + 11256 
the upright «umee ; hence ^ \/U 

= 85-239206 sq. feet, the surface of the whole figure 
zz Answer. 

£x. 4. 50 in. -r- 10 = 5 in., one of its sides. Then, 
by Rule 2, and Table, Prob. X. Superficies, 5« x 
7-€94209 = 192-355225 sq. inches, the area of liie 

K- Tk u *!, u 1 192-355225 x 30ft. 
base. Then, by the Rule, , v^ = 

40-074 cubic feet, the solidity of the decagonal prism 
zz Answer. 

To find the Superficies. 

By the Note. 50 in. x 360 in. =: 18000 square 
iDcl^, the area of the upright surface ; hemce 
( 192-355225^X^2) + 18000 ^ ^^^^^^^ ^^^^ ^^ 

the surface of the whole figure z= Answer. 

Ex. 5. Here 48 in. = 4 feet. Hence 4ft. x 12 ft. 
-X 10 =z 480 sq. feet, the area of the ten octagonal 
prisms. Then; as 1 sq. yd. : 480 sq. ft. :*. 10 J. : 
£2. 46. 5^d.y the expense of painting the whole = Ans. 

Ex. 6. By Rule, Prob. VIII. Superficies, i <20 yds. 
+ 16 yds.) X 10 yds. = 180 sq. yards, the area of the 
end of the canal. Then, by the Rule, 1 80 x 50 yds. 
=: 9000 solid yards of earth = Answer. 

PROBLEM IV. 

To find the Solidity of a Cylinder^ 

Ex. 2. By Rule 5, Prob. XIII. Superficies. e« x 
-07958 = 5-09312 square feet, the area of the base. 
Hien, by the Rule, 5-09312 x 18 ft. = 91-67616 sdid 
feet, Ihe content of the timber =z Answer. 

Ex. 3. By Rule 5, Prob. XIII. Superficies. 86^ x 
'07958 = 588-57368 nq. isckes, the area of the base. 
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rm. u *!. T> 1 588-57368 x 240 in. ^_ „...^ 
Then, by the Rule, ^joq = 81 '74634 

solid feet, the content of the timber == Answer. 

Ex. 4. By Rule 2, Prob.XIII. Superficies. 20-752 

X -7854 = 338-1637875 sq. inches, the area of the 

u r™ . .1. T> , -338-1637875 x 55 in. 
base. Then, by the Rule, t^^o =: 

10-7633149 solid feet, the content of the cylinder = 
Answer. 

To find the Superficies. 

By Rule 1. Prob. XI. Superficies. 20*75 in. x 
3-1416 =1 65* 1 882 inches, the circumference of the base ; 
and, by the Note, 65-1882 x 55 in. =z 3585*351 square 
inches, the upright or convex surface. Then, by Rule 
2, Prob. XIII. Superficies. 20*75« x '7854 x 2 = 
676-327575 sq. inches, the area of both ends. Lastly, 

3585-351 -f 676-327575 ^^ ,^,^^ 
^j^ = 29*59499 sq. feet, the sur- 
face of the whole figure = Answer. 

Ex.5. Here 3 cubic feet =: 5184* cubic inched. 
Then, by Rule 5, Prob. XIII. Superficies. 44* x 
-07958 = 154-06688 sq. inches, the area of one of its 

ends; hence 154.05530 = 33-64 inches, the length of 
the piece to be cut off = Ariswer.. 

Ex. 6. By Rule, Prob. XIX. Superficies. 20 in. — 
(IJin. X 2)= 17 inches, the inside diameter; hence 
(20 + 17) X (20 - 17) X -7854 = 87-1794 square 
inches, the area of the metal at one of its ends ; and 
87-1794 X 50 z= 4358-97 cubic inches, the solidity of 
the metal zz 1st Answer. 

Then, as 1 cub. in. : 4358-97 cub. in. :: 4Jo2. 
: 1157-8514. pounds, the weight of the iron roller =: 

Lastly,a8ilb. ; 1157-85141bs.:: 3Jrf. : £l5.l3s.1d. 
-OlTy the value of the roller = 3rd Answer. 
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PROBLEM V. 

To find the Solidity of a Pyramid* 

Ex. 2. By Rule 2, and Table, Prob. X. Superficies- 
21-5« X -433013=1 2001602592S8q. inches, the area 
oftb*b«e. Then,bytheRule,?«2J6^^^<116ftH:3) 

z= 7-41334293 solid feet, the content of the triangular 
pyramid =i Answer. 

To find the Superficies * 

By the Note. (See also Rule*2, and Table, Prob. X. 
Superficies.) 21-5 in. x -2886751 = 6-20651465 in. 
= OD, the perpendicular from the centre of the trian- 
gul ar base to the m iddle of one of its sides. Then, 
W 6-206514652 + 192'2 = >/ 36902-5208241 006646225 
= 192-10028845 inches, the slant height. Then 
)(21-5in. X 3) = 32-25 inches, half the circumference of 
the base, which X by 192-10028845=6195-2343025125 
square inches, the surface of the sides ; hence 

6195-2343025125 + 200-16025925 _,, .io.«ooqx>. 
YZZ r= 44-4124622344 

square feet, the whole superficies zz Answer. 

Ex. 3.' By Rule 2, and Table, Prob. X. Superficies. 
15« X 3-633912 = 817-6302 square inches, the area of 

the base. Then, by the Rule, ~ — -t^q — - '"^ ^ 

2S 25*515094 solid feet, the content of the hepta^nal 
pyramid 2= Answer, 

To find the Superficies, 

By the Note. (See also Rule 2, and Table, Prob. X. 
Superficies.) 15 in. x 1-0382617 1= 15-5739255 in, 
=: OD, the perpendicular from the centre of the hepta- 
gonal base to the middle of one of its sides. 



• Euclid, 47 p. i. b, 
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Then * n/ 15-57392 55^ + 1622 = 

V 26486-547 1 5547955025 z= 162-7468806 inches, the 
slant height. 

Then, J (15 in. x 7) = 52*5 inches, half the circum- 
ference of the base ; and 162-7468806 x 52-5 = 
8544*2112315 square inches, the surface of the sides : 

8544-2112315 + 817-6302 «-,nio^Qr7« 
hence j^I — 65-0127877 sq. 

feet, the whole surface = Answer, 



Ex.4. By Rule, Prob.V. Superficies. J(13 + 14 + 15) 
= 21 feet, the half suqi ; 
21 — 13 = 8 1 

21 — 14 z= 7.>the three remainders. 
21 -- 15 z= 6 ) 
Then, n/21 x 8 x 7 x 6 = V7056 = 84 square 
feet, the area of the base. 

Then, by the Rule, 84 x (63 ft. -r- 3) =: 1764 cubic 
feet, the solidity of tiie triangular pyramid =z Answer. 

Ex. 5. By Rule 2, and Table, Prob. X. Superficies. 
102 X 2-598076 = 259-8076 square feet, the area of 
the base. Then, by the Rule, 259-8076 x (45 ft. -r- 3) 
=: 3897-114 feet, the solidity of the hexagonal pyramid 
= Answer. 

To find the Superficies. 

By Rule 2, and Table, Prob. X. Superficies. 10ft. 
X -8660254 = 8660254 feet = OD, the perpendicu- 
lar from the centre of the hexagonal base to the middle 
of one of it s sides. 

Then *n/ 8-6602542 -i-45«= V 2099* 9999993445 16 
= 45-825756 feet, the slant height. 

Then \ (10ft. x 6) = 30 feet, half the circumference 
of the base; and 30 ft. x 45-825756 = 1374-77268 
square feet, the surface of the sides ; hence 1374-77268 



• Eaclid, 47 p. i. b. 
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+ 259*8076 z= 1634-58028 square feet, the whole sur- 
face = Answer. 

Ex. 6. AB* z= 3* = 9 square feet, the area of the 
base ABCGA. 

Then, by the Rule, ABCGA x | OV = 9 x (24 ft. 
-4- 3) = 72 solid feet, the content of the whole pyra- 
mid ABCGV z: Answer, 

To find the Superficies, 

J AB = 3 -r 2 = 1-5 feet = OD, the perpendicular 
from the centre of the bas e to the m iddle of its side. 
Then *>/0D2 4-OV2=: n/1-52 + 24^ = >/ 578-25 z= 
24-0468 feet, the slant height DV. 

Then AB x 2 = 3 x 2 z= 6 feet z= ABC, half the 
circumference of the base ABCGA. 

Now, by the Note, J ABCGA x DV = 6 x 24-0468 
^ 144-2808 square feet, the surface of the sides of 
ABCGV ; which added to the surface of the base of 
ABCGA =z 144-2808 -h 9 =z 153-2808 square feet, 
the superficies of the whole figure = Answer. 

Ex. 7. AB2 =: 2-5« = 6-25 square feet, the area of 
the base ABCGA. 

Then J AB = 25 -f- 2 = 1 -25 feet =z OD, the perpen- 
dicular from the centre of the base to the middle of its 
side. 

Then *VDV2— OD2= V21«— 1-252= >/ 439-4375 
== 20-962764 feet, the perpendicular height OV. 

Then, by the Rule, ABCGA x J OV =: 6-25 x 
(20-962764 ft. -H 3) z= 43-672425 solid feet, the con- 
tent of the pyramid ABCGV. 

Then, as 1 solid ft. : 43*672425 solid ft, : : 7s. 
: £15. 5s, 8J<?. -9348, the price of the pyramid. 

Again, — ^To find the Superficies. By the Note. 2 AB 



• Euclid, 47 p. i.b. 
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r: 2*5 X 2 = 5 feet r: ABC, half tbe circumfe^ 
rence of the base ABCGA. Now, J ABCX^^A x DV 

= 5 X 21 = 105 square feet, the upright surface of 
the pyramid ABCGV. 

Then, as 1 sq. ft. : 105 sq. ft. : : 8c?. : £3. lOs. 
the price for poHshingthe upright surfttce ; hence £3. 10*. 
-h £15. 55. 8irf. -9348 =z £18. 155. 8Jrf. -9348, the ex- 
pense of the stone when finished i= Answer. 

Ex. 8. 5 ft. 10 in. = 70 mches. Then, by Rule 2, 

and Table, Prob. X. Superficies. 70^ x 4-8284^7 = 

23659'i2923 squaxe inches, the area of the base. 

^i. V .1. T> 1 23659-2923 x (45 feet ^ 3) 
Then, by the Rule, jjT — ^ 

— 2464*5096 14 solid feet, the solidity of the y/Me 
octagonal pyramid zi l5^ Answer. 

A^n. — To find the solidity of the cavity. 4 ft. 
11 in. zz 59 inches. Then, by Rule 2, and Table, 
Prob X. Superficies. 59^ x 4-828427= 16807-7543a7 
square inches, the area, of the inner base. 

rru u *!. i» 1. 16807-754387 x (41 feet -r 3) 
Then, by the Rule, TdA 

= 1595- 180393 feet, the solidity of the cavity of ^e 
pyramid zi 2nd Answer. 

„ 2464-^9614 - 15 95- 1 80393 ^ _ ^_^ 
Hence 07 = 32-197378 

solid yards, the content of the stone-work z= drd 
AfMwer. 



PROBLEH VI 

To find the Solidity of a Cone* 

Ex. 2. (See Fig, 9 of this Key.) By Rule 2, Prob. 
XMI. Superficies. AB« x -7854 = 10« x '7854 = 
78-54, the area of the base AGBH. Then, by the Rule, 
AGBH X |DC = 78-54 x (681 -r 3) = 1782-858, 
the solidity of the oone AI^CA zs, Answer. 



To find the Superficies. 

*>/AD2 4- CD2 =z >/5« +'68-l« = V 4662-61 ss 
68*2^3306, tlie slant height AC. 

Then, % .Rule l^^ Px9b. XI. Supfsrficifs. AB x 
3-i4i6 = Id X 3-1416 = 3i-416, the circumfereace 
of the base AGBH. 

^hen, by the No<^. 4,(AQBP xAC) = i (31'416 
X 68-2a3306) 2= 107^-5941 70648, the convex surface 

a6b. 

Lastly, ACB + AGBH =10.7a-6941 70648 + 7«-64 
= 1151-134170648, the superficies of the ^ole coiie 
= Answer. 

Ex. 3. (See Fig. 9 of this Key.) By Rule, Prob. 
XXt. Superficies. AB x GH x •'?854 = 15-2 x ^0 
X '7854 = 119-3808, the area of the base AGBH. 

Theu, by the Rule. AGBH x J DC = 119-3808 
X (22 -T- 3) = 875-4592, the solidxty of the elliptical 
cone ADBCA = Answer. 

Ex. 4. By Rule 5, ProKXHI. Superficies. AGBH« 
X -07958 = 9« X -07958 = 6,44598. square fe^t, the 
area of the base AGBH. 

Th^n, by the Rule. AGBH x » DC = 6^44598 x 
(10-5 ft. -r- 3) = 22*5609'3 solid feet, jthe content of 
the cone ADBCA rr Answer, 

:Tofin^ the, Superjieifs. 

By Rule 2', Prob. XL^uperfides. AGBH x -318309 
=L 9^ft. X -318309 = .2-8©478l feet, the diameter of 
the base ADB, which ^ by ^2 1-4323905 feet, half 
the?diameter s= AD. ' 

Th en. »v^ APg -f Gpg =: Vl-431»905« + 10-5^ 
= ^/lW30T74254449025 =s 10-5972516 feet, the 
slant height AC. 

,''* ' ■ ■ 11. 

• £ii(4id^47p.i.l>. 

F 
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Then, by the Note. }(AC x AGBH)= 1(10-5972516 
X 9) = 47*6876322 square feet, the convex surface 
ACB. 

Lastly, ACB + AGBH = 47-6876322 + 6-44598 
== 54*1336122 square feet, the whole surface of the 
cone =: Answer. 

Ex. 5. By Rule 5, Prob. XIII. SuperEcies. AGBH^ 
X -07958 = 242 X -07958 = 45*83808 square fj^t, 
the area of the base AGBH. 

Now, by Rule2, Prob. XI. SuperE. AGBH x -318309 
='24 ft. X -318309 =s 7*639416 feet, the diameter of the 
base ADB, which -f- by 2 = 3*8 19708 feet, half the 
di ameter = AD. Then, *>/ AC^ — APg = 
>/322 — 3*8197082 = V 1009*409830794736 == 
31*7712107 feet, the J. height DC. Then, by t^e 
Rule. AGBH x J DC = 45*83808 x (31-7712107 
ft. -7- 3)= 485-44376286528 solid feet, the content of 
the cone ADBCA = Answer. 

To find ike Superficies, 

By the Note, i (AGBH x AC) = } (24 ft. x 32 ft.) 
=r 384 square feet, the convex surface ACB« Th^i, 
ACB + AGBH z= 384 + 45*83808 = 429*83808 sq. 
feet, the superficies of the whole cone = Answer, 

Ex. 6. By Rule 2, Prob. XI. Superficies. AGBH 
x -318309 = 64 ft. X -318309 = 20*371776 feet, 
the diameter ADB, which -r by 2 =: 10*185888 feet, 
ha lf the diameter = A D. T hen, *>/AD2 + CPg :s 
V10*185888« -f 118« = V 14027*752314348544 = 
118-438812 feet, the slant height AC. Then, by the 
Note, i (AGBH x AC) = J (^ x 118-438812) = 
3790*041984 square feet^ the convex surface of the cone 
ACB zzlst Answer. 



•■ EacUd, 47 p. i. b. 
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"Hien, as 1 sq. yd. : 3790-041984 sq. ft. y.Bd. : 
£14. Os, 8|(^. '7048, the expense of painting the conical 
church spire ::: 2nd Answer. 



PROBLEM VII. 
To find the Solidity of the Frustum of a Pyramid. 

£x. 2. By the General Rule. {See Rule 2, and 
T^ble, Prob. X. Superficies.) 25« x '433013 = 
270-633125 square inches, the area of the greater end. 
^^ain.^bjRule2y and Table, Prob.X. Superficies. 9^ 
X •43301 3 ■=, 35-074053 squ are inches, the area of the 
lesse nd^ Then, 1^ the Rul e, V 270-6331 25 x 35-074053 
= V 9492-200569805625 = 97-427925 square inches, 
the mean area, aiaid 97-427925 -f 270-633125 + 
35-074053 = 403-135103 square inches, the sum. 
TTien. 403135103 x^(l 5 ft. ^ 3) ^ ^3.^^^^^ 

solid feet, the content of the fhtstrum Of the triangular 
pyramid =: Answer, 

To find the Superficies. 
25in.x3=75iuches. }thy^S«f the 

and 9 in. X 3= S7 inches, lthej«imeterof theless 

The sum = 102 inches ; which -f- by 2 = 51 
inches, the half sum. ' 

Then, by the Note. (See Rule 2, and Table, Prob. X. 
Superficies.) (25in. — 9 in.) x -2886751 = 4-6liB8016 
inches = P G. ' : 

Now, *N/PGg + GQg = >/4-6188016« + 180^ =: * 
V 32421-33332822016256 = 180-0592494 inches, the 
slant height PO. 

• Euclid, 47 p. i. b. 
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And, by the Note. l«€-0592494 x $1 fti =f 

9183*0217194 square inches, the surface of the si^le^. 

_- 9183-02i7r94 + 270-633125 +J5*07^p^ ^ 
Then, ^44 — -^ — '-^-^ == 

65*8939506 square feet, the surface of the whole frus- 
tum = Answer. 

Ex. 3. By the General Rule. (See Rule 2, and 
Table, Prob. X, Superfici^.) 9« X 4*828427 t= 
391*102587 sq: inches, the area of the ^ater end. 
A^atn.—By Rule 2, dM table, Prob. X. Superficies* 5* 
>< 4*8284^ = 120*710675 sq. inches, the aa^a of tlie 
leS6 edd. _ , 

Then, by the Ru le, n/ 391 -102587 x 120-71<>6^5 

=r is/w^m^rfWism - ^17-279215 ?q. inth*, 

th% ihedn ^a, antt 2l7-279§15 + 391-1025e7 -H 
120*7 i 0675 == •?a9'0S4477 square Incl^, the sumw 

^ 729-092477 X (10*5 fb, -f- 3) v^ ^-^a^Ai^^ v 
Th^, -^ ^ — — j^j "^-"^zs 17*7209977 8<4. 

feet, the content df the frustrtiin of Uie oetagofial pyra-^ 
niid zz Answer. 

To find the Superfibies. 

9in.x8=72mches4^^^^^t''''' 
ahd 5 in. X 6 di 40 iAches, } the^^'imeter of the less 

Thesum *= 112iiiches; which -f^ by 2 =: 56 
inches, the half stim. 

Then, by the Note. (See aho Rule 2, aii4 Table, 
Prob. X. Sdperficies.) (9 in. — 5 in.) x ;,'gQ7^Q6a =; 
4'82 84{^y? iadieft :^ P Q. Now,i. f>/PGg ;f QQg 
s= V4*8284272« 4^ 126* 3: >/ 15899-31370^22569984 
=: 126-0924807 inches, the slant height PQ; And^ by 
* the Note. 126-0924807 x 56 = 7061*1789192 sq. 
inches, the surface of the sides; 



^ W ! , 
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r^ 706M789192 + 39M02687 + 120-710675 
Then, ^- J4J- '— 

= 52-5902234 sq. feet, the surface of the whole frus-, 
turn =r Answer, 

Ex. 4. By Rule 2. (AB x DE) + AB* + DE^ 
= (25 m. X 9 in.) -H 25^ 4- 9« = 931 square inches. 
Then, Q31 x (y -r 3) _ ^g.^^jg ^y^^ ^^^ ^^ 

content of the frustum =: Answer. 

Ex. 5. By the General Rule. 32 in. x 20 in. = 
640 sq. inches, the area of the greater end ; and 10 in. 
X 6 in. =2 60 sq. inches, t he area of t he les s end. 

Then, by the Rule, n/640 x 60 = V 38400 = 
195*959179 sq. inches, the mean area ; and 195*959179 
+ 640 + 60 =: 895*959179 sq. inches, the sum. 

-« 895959179 x (18 ft. -r- 3) ^^ ooi/soo i;^ 
Then, jj^ ^ zz 37*331632 solid' 

feet, the content of the frustum = Answer. 

Ex. 6. By Rule 3. (7*5« + 4*25«) 4- (7-5 x .4*25) 
= 106*1875 inches, the sum. 

Then, 106*1875 x (4*828427, tab. area, -i- 3) x 
12-75 ft. = 2179-053113671875; which -j- by 144 = 
15-132313289388 solid feet, the solidity of one pillar; 
hence 15-132313289388 x 4 = 60*529253157552 
feet, the solidity of the four pillars. 

Then, as 1 sol. ft. : 60-5292531575528ol.ft.::l?*.10rf. 
: £38. 165. 9I^d. -02, the expense. of the four; pillars 
= Answer.. 

Ex. 7. (See the Diagram and Demonstration to 
Prob. VII. Solids.) *AG - CO = (AE) : CO : : 

GO : OV; viz. -2} ft. - ij ft. : ijft. :: 8 ft. : 

12 ft. ; .-. GO + OV = 8 4- 12 = 20 ft. = GV, the 
perpendicular height of the pyramid ABVA; and 



• Euclid, 4 p. vi. b. 



54 MEK8URATI0K OF SOLIDS. 

AB* = 8« =: 25 sq. feet, the ar^H of thfe base of the 
pyramid. Then, by Rule, Prob. V. Solids. 86^ x 
(20 ft. -4- 3) 2= 166§ solid fe^t, the content of die pyra- 
mid zr Answer. 

Ex.8. :^ Rule 3; (13^ H- 6^} + (13 x 8) = 
337, the sum. 

Thcp, 387 X (2-598076, tab; arfea, -r^ 3) x 24 :;z 
7004*4102, the solidity of the fnistum of the hexagbiiai 
pyramid =: Answer. 

To find the Supefjkieii 

By Rule 2, and'^able, Prob. X. Superficiei. IZ^ ^ 
2*598076 z: 439*074844, the aiea of the greats ^hd. 
Again. — By fenle 5, and Table, Pfob. X. Siipei-ficies. 8« 
X 2-598076 = 166*27(5864, the area of the less end. 
Then, 13 x 6 =: 78, the perimeter of the greater end. 
And 8 X 6 =r 48, the perimetet of the less end. 

The sum. z;: 126; which -f< by 2 z: 63, t^e half 
sum. , . 

Then, byldie Note. {See also Rul^ 2^ a^d Table, Prob. 
X. Sut)erfieies;) (13;.^ 8). x : 866Q »5A = ,4*33^27 
= P G. Now, *VVG^ - f GQg = V4-33ai27« ^r 24* 
= s/ ^^4-749999836129 = 24-387496, thi^ daM height 
PO. And, by the Note. 24-387496 x 63 3= 
1536*412^^48; the sUrfoce of the sidefe; , Then, 
1536-412248 + 439-074844 + 166*276864 =: 
2141-763956, the whole surface =: Answer. 



|V ,» 



• Euclid, 4T 1^. i. b. 
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PROBLEai Till. 

To find the Solidity of the Frustum of a Cone, 

Ex. 2. By Rule 1. (Siee Rule a, Prob. XIII. Su- 
perficies.) 

36« X •*7854 =: io!7-8%4, th^ area of the 
greater end^ 

Ang9«x -7854 = 63-6174, ffieareabfOie 

0017^8784:^ 63-^1741 or>. .onz> ,. 

= V 647^-77732416 } = ^^'^^^^> ^® "'^^^ *^^*- 

1335-9654, the sum. 

. .-. -.- •■■VI 

r^ 1335-9654 X (24ft; -^ 3) i^iAxx^ iMi. i 
Then, • tja = 74-2203 sohd feet, 

the CDtitatt <!iff th^ fritstoin:.=: ^/m&er. 

Ex. 3. By Rule 2. (^ic Rule 2, I%b. Xl. Super- 
fieieii;) 136 iti; ^ -318309 = 43'2igf0()24 ihcfaeg, the 
diameter of the greater end. 

Again:— Bf RfUi^ 2^ Pxob. JLI. Superficies. 32 in. 
X -318309 =: 1^-185888 inches, the diameter of the 
less, end. 

Then, bytheRxde. C43-29Q024 x 10-185888) + 
43-290094^ -f" 10-18^882 =; 2418-72^828250432 sq. 
inches; which -4- by 144 = 16 -796707 i4662& sq. feet 
And, 16-796707140628 x 21 ft. x (-7854 -f- 3) = 
92-3449365177446184 soMd fefet == Aitsv>er. 



PROBLEM IX. 

To find the Solidity of a Wedge, 

Ex. 2. (2AE + U)) X FE X aC X j^ = (32 x 2 
+ 21) x 4i x 14 X f ;?: 892 J cubic inches, the 
soiidH^ bf the wedge AEDIBF =: Answer. 
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Ex. 3. (2 AE 4- ID) X FE x aC x ^ = (5|x 2 
+ 3J) X 2 X 2| X j^ = 4yA = 4-131944 cubic 
feet, the solidity of the wedge AEDIBF = Answer, 



PROBLEM X. 

To find the Solidity of a Prismoid. 

Ex.2. (AB 4- J GH) X AC = (13+ ) _ ^ .„ 

12 -i. 2) X 13 I "" 

(QH + J AB) X GE= (12 + 13-t- 2) x 5 =s 92J 

The sum = 339J 



Then, 339 J x (20 -f- 3) = 2263 J, the solidity of the 
prismoid ABCDEFGH = Answer. 

Ex. 3. (AB 4- J GH) x ) ^^.^ ^^^ . , 
AC=(81-5 4.4r^x65} = 5610-000 sq. mches, 

(GH + J AB)x GE= (41 ) _ 

+ 8T5T^ X 29-5 . i - 2411^sq. mches, 

The sum = 8021*625 sq. inches. 
^^ 8021-625 X (47-25 in.^ 3) ^ 73-11376953125 

solid feet, the content of the prismoid ABCDEFGH = 
Answer. 



Ex. 4. (AB 4- i GH) x 
AC = (3648 4- 3600 -r- 2) ^ = 1307520 sq. inches, 
X 240 . . . 



H) X 7 

T^l = 

(GH4:_JAB)x_GE=(3606) _ io41408 sq inches 
4- 3648 -T- 2) X 192 . ) - lu^j^ug sq. mcnes, 

The sum = 2348928 sq. inches. 



^^^^ 2348928 X go in. ^3) ^ ^QQsgo'63m 
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^lons of wBler (old mfeasare), apd* 1(S6690'68629 X 235 
-5- 231 = 169475-32466 imperial gallmiiK^ the contoit 
of the canal ABCDEFGH zz AHiwer. 

PROBLEM XI 

Tojlndthe SoUditpt^a Gylwdroidt or the frustum 

of an elliptikicbl Ckme^ 

Ex.2. By Rule 1. (AB 4- } CD) x 1 , . , ^ 
GH = (13 4- lO-T-2) X 8 . . . . ^-144-0 

(CD + J AB) X *»P 2±f (10 -► 13 ^2) i g. 
X 5-2 ) "" ___ 

the sum == 229-8 



Theft, 229-8 x (-7864 -r- 3) x 120 sa 7219-3968, 
the solidity of {he cylindroid ACDIBA z:- Answer, 
Or thus, by Rule 2. (See Rule, Proli; XXI. Superfi.) 

AB X GH X -7854 >' .l.RVt^^§^^^T''''^^^A 
= 13x8x-7854}=^ (rOBH. 

Ct X inP >( ^7854 "J rthi6 Ateh of 

= 10 X 5-2 X > t: 4d*d468a< the fesd etid 
•7854 . . . . > itmifP. 

^ ^^?F t o?^ ^tt J ^ f fowtimes the 

(GH+»P)x-7854/ irZo^^fkr 

X 4 = }(13 + 10)>= ^^8-44*44^^,^.^^^^ J^ 

x 1(8 + 6-2) xC ITi^ ^ 

•7854x4 . . y ^Vtion, 

The sum ±: 360-&69g4. 



Then, 360-96984 x (120 -f- 6) = 7219-3968, the 
solidity of the cylhidvoid ACDBA lis before =: Answer. 

Bx. 8. By Ru tel.XA B + J CD) ) . . . 
X GH = (12 + 10 -H 2) X 7 . ; I - "» «l»".- 
(CD + JAB)x»»P = (10 + 12-2)}_ QQ 

The sum = 215 aq. in. 

• •,'•'' ' *■ ■ >. ■ . 

^ Wt takfib t, ikJi^tJa4 b«er liieftiiire^ ik this JB^ undmr tM 
Article Oauging. 
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Then, 215 X (-7854 ^ 3) x 4 ft = 225-148 cubic 
feet, the sdidity. 

. ,225-148 X 1728 ,««^^o/^«/^ i n 
And ggj = 1379-63029 ale gallons ; 

and by Rule 2, al e and beer measure, of this Key^ 
1379-63029 x 235 -s- 231 = 1403-51999 imp. gallons, 
the content of the elliptical bath ACDBA := Answer. 



PROBLEM Xil. 

To find the Solidity of a Sphere or Globe, 

Ex. 2. By Rule 1. AB^ x -5236 = 7970' x 
•5236 = 265078659622-8 cubic miles, the solidity of 
the earth = Answer. 

To find the Superficies. 

By Rule 2. (See Rule 1. Prob. XL Superficies.) 
AB X 3-1416 = 7970 x 31416 = 25038-552 miles, 
the circumference. Then, by the Rule. AB x 25038-552 
= 7970 X 25038-552 =z 199557259-44 sq. miles, tbe 
convex superficies of the earth = Answer. 

Ex. 3, By Rule 1. {See Rule 2, Prob. XL Super- 
ficies.) 1 X -318309 =: -318309, the diameter AB. 
Then, by the Rule. AB» x '5236 = -318309^ x -5236 
= -0168867623887553265444, tbe solidity of the 
sphere = Answer, 

To find the Superficies, 

By Rule 2. The diameter AB x 1 = '318309 x 1 
= -318309, the superficies = Answer. 

To find the Superficies and Solidity. 

Ex. 4. By Rule 2. (See Rule 1. Prob. XL Super- 
(Cies.) AB X 3-1416 = 30 x 31416 =: 94-248, Hie 
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circuxnference. Then, by the Rule. AB x 94-248 = 
30 X 94-248 =z 2827-44, the convex surface of the 
globe zz 1st Answer. 

:■ Now, the surface as above = 2827-44; hence, 
2827-44 X (30 -f- 6) = 14137-2, the solidity of the 
globe = 2nd Answer. 

Tojind the Superficies and Solidity, 

Ex. 5. By Rule 2. {See Rule 2, Prob. XL Super- 
ficies.) 50-3 X -318309 =z 16-0109427, the diameter 
AB. Then, by the Rule. 16-0109427 x 50-3 = 
805-35041781, the convex suiface of the globe =: \st 
Answer. 

Now, the surface as above = 805-35041781; 
hence, 805-35041781 x (16-0109427 -j- 6) =z 
2149-069898829494914, the solidity of the gloli>e =: 
2nd Answer. 

Ex. 6. Firsty for the Globe. If the superficies of 
a globe be divided by 3*1416, the quotient will be the 
square of the diameter, the square root of which will be 
the diameter ; hence, tiie solidity is found as follows : 

The surface of the globe (by tne Question,) is 3*1416, 
which -r by 3*1416 == 1, the square of the diameter. 
Then, >/l = 1, the diameter. Now, by Rule 1, 1* x 
•5236 =: -5236, the solidity of the globe = \st Answer. 

Secandy for the Cube, The cube has six equal sur- 
faces; theiefore the wbole surface divided by 6 will give 
the square of the side of the cube ; /. the square root 
will be the side. Hence, the solidity is found as follows : 

The surface of the cube (by the Question) is 3-1416, 
which -y- by 6 = -5236, the square of oqc of its sides ; 
hence, V -5236 = -723602, one of its sides. Then, by 
Rule,Prob.I.Solids.-7236023=-378877901846443208, 
the solidity of the cube =: 2nd Answer. 

Thirdy for tH Cylinder. The 4isuneter and depth 
of the Cylinder are here supposed equal. The super- 
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fides of a oflinder, whose diameter and dtfidi^aie each 
an unit, will be found to be 4*7124 ; and the superficies 
of similar cylinders are to each other as the S(|ttare8 of 
their diameters; therefore it will be as 4*7124 la to the 
square of 1, so is thesuperficies of the given cylinder to 
the square of its diameter ; .*. the square root of which 
will be the diameter, and likewise the depth. Hence, 
the solidity of the cylinder, is found as follows : 

As 4-7124 : 1* :: 3-1416 : -6', the square of its 

diameter; hence >/'6' = -81649658, the diameter and 
likewise the depth. Then, by Rule, Prob. IV. Solids. 
•81649658« X -7854= -52359999881014235256, the 
areat)f the base of the cylinder, which x by *81649658, 
(the depth) = -4275176083164853001783942448, 
the solid content of the cylinder z: SrdAnstver. 



FlROBI^EiM XIII. 

To.fini, the Solidity of the ISegn^ent of a Sphere. 

Ek. 2. By Rule >2. (3 AO^ + OD^) x OD x 
•5236.= (10« x 3 + 9«) X 9 X -5236 :;= 1795-4244, 
the solidity of the se^ent ABDO = An$wer. 

Ex. 3. By Rule 1. (3 ED — 2 OD) x 0D« x 

•5236 =(20x3 — 5x2)x5«x -5236 = 654-5 
feet,, the solidity of the segment ABDO = Answer. 

Ex. 4. By Rul e 1. (3 ED — 2 OD) x OD^ x 
•5236 = (21 X 3 — 4-5 X 2) x 4-58 x -5236 = 
572*5566, the solidity of the segment ABDO = Answer. 

E x.5. B y Rule 2. (3 AO2 + 0D«) x OD x -5236 
= (14« X 3 + 6-5^) X 6-5 x -5236 = 2144-99285, 
the Bolidity of the segment ABDO = Answer. 



MBirSUBi^TIOK OF SOLIDS^ 61 



PROBLEM XrV. 

To find the Solidity of the FrtCstumor Zone of a 

Sphere, 

Ei.2. By Rule 2. (EF^ — J mO^) x mO x 
•7854 = (22« — 14«-f- 3) x 14 x -7854 =: 4603-4912 
cubic inches, the solidity of the zone ABDC =r Answer . 

Ex. 3. By Ru le 1. EG^ + CO* + J GO^ = 6« 

4- 5« H- 22 -;- 3 = 62*3', the sum. 

Then, 62-3' x 2 x 1-5708 = 195-8264, the solidity 
of the zone EFDC zz> Answer. 

Ex. 4. By Rule 2. (AB^ + § mO^) x mO x 7854 
='(32 + 4« X i) X 4 ft. X -7854 = 61-7848 feet, 
the solidity of the zone ABDC =r Answer. 

Ex. 5. By Rule 2. (EF — J mO^) x mO x 
•7854 = (52 — 42 ^ 3) X 4 ft. X -7854 = 61-7848 
feet, the solidity of the zone ABDC =: Answer. 



PROBLEM XV. 

To find the convex surface of any Segment y or Zone, 

of a Sphere. 

Ex. 1. By Rule 1, Prob. XI." Superficies, 7970 
X 3-1416 z= 25038*552 miles, the circumference of the 
earth. 

Then, by the Rule. 25038-552 x 252-361283 =: 
6318761-107182216 sq. miles, the surface of the frigid 
zone = Answer, 

Ex. 2. By Rule 1. Prob. XI. Superficies. 7970 
x 3-1416 = 25038-552 miles, the circumference of the 
earth. 

Then, by the Rule. 25038-552 x 2143-6235535 

o 
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= 53673229-812734532 sq. miles, the surface of Hie 
temperate zone r= Answer, 

Ex. 3. By Rule 1, Prob. XI. Superficies. 7970 x 
3-1416 = 25038-552 miles, the circumference of the 
earth. 

Then, by the Rule. 25038-552 x 3178-030327 = 
79573277-600166504 sq. miles, the surface of the torrid 
zone zz Answer. 



PROBLEM XVI. 

To find the Solidity of a circular Spindle. 

Ex.2. First. J CD = 36 -f- 2 = 18 = OC. 
Then, by Note 8, Prob. XII. Superficies. (AO^ -r- OC) 
+ OC =: (242 -1. 18) + 18 = 50, the diameter of the 
circle CF. Now, by the Rule. J CF — OC = 50 ^ 2 
— 18 r: 7, the central distance EO. 

Second, By Rule to Ex. 1. Prob. XVII. Superficies. 
OC ^ CF = 18 -i- 50 = -360, the tabular height ; 
against which stands the Area Seg. -254550 : hence 
•254550 X 502 — 636*375, the area of the generating 
segment ACB, which -f- by 2 = 318-1875 = ACO, the 
area of half the generating segment. 

Third. By the Rule. J AO^ — (EO x ACO) 
= (243 -1. 3) — (7 X 318-1875) = -2380-6875; 
which X by 12-5664 = 29916-6714, the solidity of the 
circular spindle ACBDA =z Answer. 

To find the Superficies. 

First. By the Note. The central distance EO = 7, 
as above. 

Then, ♦VAO* + 0C« = n/242 + 18« =z V900 
=: 30 = AC, the chord of half the arc ACB. Then, 



♦ Euclid, 47 p. i. b. 
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by R ule 2, Pr ob. XII. Superficies. J (8 AC — AB) 
= J (30 X 8 — 48) = 64, the length of the arc ACB. 
Second. By the Note. (AB x EC) — (EO x ACB) 
X 6-2832 =: (48 x 25) - (7 x 64) x 6-2832 
= 4724-9664, the superficies of the circular spindle 
ACBDA =z Answer, 



PROBLEM XVII. 

To find the Solidity of the middle Frustum, or Zone, 

of a circular Spindle, 

Ex. 2. First. By the Rule. J (DC — PN) = 
I (60 — 36) = 12 inches = OC, the height of the 
segment wiNCm. Then, by Note 8. Prob. XII. Su- 
perficies. (m02 -rr OC) H- OC =: (40« -5- 12) + 12 
n 145-3' inches, the diameter of the ch'cle ; which -f- 
by 2 =z 72-6' inches, the radius EC. Also, EC — GC 
sc 72*6' — 30 = 42-6' inches, the central distance 
EG. 

Second, By Rule 2, Prob. XV L S uperfic ies. 
Vm02 H- 0C« = >/40« H- 122 :::: V1744 = 
41 -76 1226 inches =: Cm, the chord of half the arc 
^ CN. Then, VmN^ + O C^ = VSpg + 12^ = 
V6544 = 80-89 4993. Now, (80 -894993 x 2 + Cm) 

X OC X iV = (80-894993 x 2 + 41-761226) x 12 
X ^ = 651-363878 sq. inches, the area of the seg- 
ment mNCm ; and mN x J NP = 80 x (36 -f- 2) 
= 1440 sq. inches, the area of the rectangle m^num. 
Then, mNCm + m^num = 651-363878 + 1440 
= 2091*363878 sq. inches, the generating surface 
temCNnu. 

Third , *^/AE« — EG^ = V72-6'2 — 42-6'2 = 
>/3460 = 58-821764 inches = AG, half the length 
of the spindle AB. 

Fourth, (AG2 — J mO^) x wiO = (3460 — 
1600 -r 3) X 40 = 1 17066-6'. Then EG x umC^nu 



* Euclid, 47 p. i. b. 
G 2 
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c= 42-6' X S091-363878 = 89231*525461; imd 
O17066-6' - 89231-525461) x 6-2832 ^s= 
174893-7592192560 cubic inches, the solidity of the 
middle jru^tum mCJ^riPDum^ which ^ by 292 xc= 
620-1906355292 ale gallons ; and, by Rule 2, ale a md 
beer measure o/ ^Aw JTey, 620-190635529^ X 235 ^r- 
231 = 630-9298673132 imperial gallons, the content 
of the frustum zz^Ansrver. 



PROBLEM XVIII. 

To find the Solidity of a Spheroid, 

Ex. 2. AB« X GE X -5236 = 55^ x 33 x .5236 
5= 52268-37 cubic inches, the solidity of the oblate 
spheroid ACBEA =: Anstuer. 

Ex. 3. CE2 X AB X -5236^= 30« x 50 x •5^86 
,zz 23562, the solid content of the prolate spheroid 
ACBEA = Answer, 

Ex. 4. AB« X CE X -5236 = 50* x 30 x -5236 
=: 39270, the solidity of the oblate spheroid AQB;BA 
rr Answer. 

PROBLEM XIX.* 

To find the Solidity of the Segment of a Spheroid^ the 
Base of the Segment being parallel to the revolving 
Axis of the Spheroid. 

Ex. 2. (3 AB — 2 mB) x wB« x -5236 -s= 



(100 X 3 — 10 X 2) X 102 X -5236 = 14660-8, the 
lidity of the spherical segment acBa. 

AB2 : CD2 : : acBa : GHBG ; viz. 100« ; 60« 
:: 14660-8 : 5277-888, the solidity of the elliptical or 
spheroidal segment i= Answer* 

Ex. 3. (3 AB — 2 mB) x wiB* x -5236 = 



* See Figve 8 of this Key. 
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<50 X 3 — 5 X 2) X 52 X -5236 = 1832-6, the 
solidity of the spherical segment acBa. 

AB2 : CD2 :: acBa : GHBG; viz. 502 ; 302 :; 
1832-6 : 659-736, the solidity of the elliptical or 
spheroidal segment = Anstoer. 



Ex.4. (3 CD - 2 PC) X PC2 x -5236 = (30x 3 
— 6 X 2) X 62 X -5236 z= 1470-2688, the solidity of 
the spherical segment reCr. 

CD2 : AB2 : : reCr : NVCN ; viz. 302 ; 502 : : 
1470*2688 : 4084-.a8, the solidity of the elliptical 
se^ent zz Anstuert :? 



Ex.5. (3 AB - 2 mB)i;^ mB^ x -5236 = (lOx 3 
— 1 X 2) X 12 X -5236 b^^l4-6608, the solidity of 
the spherical segment acBa. 

AB2 : CD« :: acBa : GHBG; viz. IO2 : 62 :: 
14-6608 : 5-277888, the solidity of the spheroidal 
segment =: Answer, 



Ex. 6. ( 3 AB - 2 mB) x mB^ x -5236 = (36| x 3 
— 6J X 2) X 6|1 2 X -5236 = 2145-8437, the solidity 
of the spherical segment atiBa. 

AB2 : CD3 :: acBa : GHBG; viz. 36i\^ : IS* 
:: 2145-8437 : 517:1306, the solidity of the sphej 
roidal segment = Answer. 

PROBLEM XX. 

To find the Solidity of the middle Zone of a Spheroid y 
the Diameter of the Ends being perpendicular to the 
fixed Axis, the middle Diameter, and that of either 
End being given, together with the Length of the 
Zone. 

Ex. 2. (2 EF2 + mw2) x wO x -261 fii = (1002x2 
+ 802) X 36 X -2618 = 248814-72, the solidity of 
the middle zone of an oblate spheroid TEmnFPT = 
Answer. 
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Ex. 3. (2.EF2 + mn^) x uO x -2618-5= (322x2 
+ 242) X 40 X -2618 = 27478-528 cubic inclies, the 
solidity of the spheroidal cask TEmnFPT; which wr by 
282 s= 97-4415 ale gifflons ; add, by Rnle 2, ale vand 
beer measure of this Key, 97-441^ x 235 -r- 231 -qs 
99'1287 imperiaJ jgaUpus, the content pf the pask iz 
Answer, 



Ex. 4. (2 EF2 H- TP2) ^ tcO x .^18 = (162x 2 
+ 122) X 20 X -2618 = 3434-816 cubic inches, the 
solidity of the spheroidal cask TEm^tFPT ; which .-r- 
by 231 = 14-8693 wine gallons; and ft4-8693.«- 
(14-8693 -f- 6) = 12-3911 imperial gallons, the con- 
tent of the cask = Answer. 



PROBLEM XXI. 

To find the Solidity of a Parabolic Conoifi. 

Ex. 2. AB2 X -3927 x CD == 482 x -3927 x 84 
=: 76001-5872, the solidity of the parabolic conoid 
ACBDA =: Answer, 

Ex. 3. AB2 X -3927 x CD 5=402 x .3927 ^30 
s: 18849-6, the solidity oif the pambploid A09DA 
iz Answer, 

Ex. 4. AB2 X -3927 x CD = 322 x -3927 x 
22*85 = 9188-55168, the .solidity of the paraboloid 
ACBDA =: Answer. 

PROBLEM XXII. 

To find the Solidity of the Frustum of a Parabolic 

Conoid, 

Ex. 2. (See Fig. I.) (AB2 + mn^) x CO x -3927 

• See the Rule, in wine measure, of tku Key, under the 
Article OoMging. 



^ (30« + 242) X 9 X .3937. -=.$216-6268,. the. 9di. 
dity of the frustum of the parabolic conoid J^C^^Qm^ 
zz. Answer, 

JSx.3,. (See Fig. 2.) (AJB^ 4- »»««) x COsX '3927 
= (602 + 482) X 18 X ^3927 ;== 4\733-0144, the 
solidity of the frustum of the paraboloid ACBnOmA =: 
Answer, 

Ex. 4. (See Fig. I.) (BAB* + bab») x Aa x 
•3927 ;= (322 ^ 242; x 20 x -.3927 = 12566-4 
cubic inches = l^ABbabB, ;the solid content of half 
the cask, which x by 2 =: 25132*8 cubic inches, the 
fidid content of the whole cask ^£^a^P^6. 

Then, 2;5132-8 .-f- 282 ?? 89: 13134 a|e gallons ; and, 
fey Rule ^, ale wd beer measure, of thi^ Key, 
J89-1234 x 235 t^ 2i31 j=: 90-6666 ii^peiial. gallons, 
the content of tjbe pa&k s; Answer, 

Ex. 5. f5ce Fig. I.) (BAB* -f- ^ai*) x Aa x 
•3927 = (162 + 122) X 10 X -3927 =: 1570-8 
cubic inches ;:= B AB&a&B, the solid <;o^tent of half 
the cask; wl^ch x by 2 ,=: 3141*6 qubic mcbe^s, 
the solid content of tjbe whole cask hBbabBbb. 
Then, 3141-6 rr 231 = 13*6 wine gallops; and, by 
the Rule,, wine measure, of this Key, 13*6 — (13*6 -f- 
-fi) =: 11 ',4 ioiperial gallons, jtbe pont^t of the cfi^k ;= 
Answer. 



PROBLEM XXIIL 

To find the Solidity of a Parabolic Spindle. 

Ex. 2. CD2 X -7854 x AB x A = 342 x .7354 
X 60 X -h ^ 29053*5168, the solidity of t^e para- 
bolic spindle ABCD s= Answer. 

Ex.,3, CP« X .'^41898 X AB.?: 32^ -41989 k 9 
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=: 33*929289 the solidity of the parabolic spindle ABCD 
=r Answer. 

Ex. 4. CD« X -7854 x AB x ^ = 16« x -7854 
X 40 X ife = 4289-3312, the solidity of the para- 
bolic spinme ABCD = Answer. 



PROBLEM XXIV. 

To find the Solidity of the middle Frustum of a Pa- 
rabolic Spindle. 

Ex. 2. (2 CPg + EPg) - (-4 X C D - EFlg ) x AB 
X -2618 = (322 X 2 + 242) — (.4 X 32 — 24)2) x 40 
X -2618 = 27210-4448 cubic inches, the solidity of 
the cask GEFHG ; which -f- by 282 = 96-4909 ale 
gallons; and, by Rule 2 , ale and beer measure, of 
this Key, 96-4909 x 235 -2- 231 = 98-1617 imperial 
gallons, the content of the cask = Answer. 



Ex. 3. (2 CP g + EPg ) — (-4 X CD - > EF|2) x 
AB X -2618 = (36« x 2 + 202) - (-4 x 36—2012) 
X 36 X -2618 = 27233-90208 cubic inches, the solidity of 
the cask GEFHG, which -i- by 231 = 117-89568 wme 
gallons ; and, by the Rule, wine measure, of this Key, 
117-89568 — (117-89568 -r- 6) = 98-2464 unperial 
gallons, the content of the cask :=: Answer. 



PROBLEM XXV.» 

To find the Solidity of an hyperbolic Conoid. 

(2 mV H- 3 VE) X Am2 x mV x -5236 
Hx. 2. mV H- VE 

* S«e Keith's Mensuration , the note to Definition S3, Solids. 
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^ (10 X 2 4- 30 X 3) X 12g X 10 X '5236 
^ : •■ 10 + 30 '- '-^>?= 

QOQQQ.04 

II = 2073-456, the solidity, of the hyperboloid 

AmBVA =: Answer. 

-, (2mV + 3VE) X Amg x wV x '5236 

■^1__ TwV > VE 

_ (50 X 2 + 122-449 X 3) x 52^ x 50 x '5236 

— 50 + 122-449 

33083830-61984 ,n,«>.«n.«. ,_ 
= 172-449 — ^ 191847-0424, the sohdity of 

the hyperboloid AwiBVA = Answer. 

Ex. 4. Her e CD = 6 V7, or, which is the same, 
V6 X 6 X 7= n/252= 15-874507, which ^. by 2 
=: 7-937253, the ordinate CO. ' 

(To get the transverse axis, ^ee the demonstration to 
this Problem.] 

4 CQg — Ami (7*9372532 x 4) — 12^ 

2 Ami _ 4C02 X ^^ — (122 x 2)^(7-9372532 x 4) 
.^ 1 07-999940744036 .. ^ ,^ ^^ . 

■^^^= 36-000059255964 ^ ^^^ ^ ^ ^^^ ^^^^^^ 
transverse axis VE. 

rru 1. xu 13 1 (2wV-|.3VE)xA9w2xi»Vx-5236 
Then, by the Rule. ^ ^y + VE 

_ (10 X 2 + 30 X 3) X 122 X 10 X '5236 _ 

— 10+30 — 

•82938-24 

..ui^Q s 2073*456, thesoUdccmtent.pf the para- 
bolic conoid AwiBVA =: Answer. 

5x. 5. CD =: 35-49648; which ^ by 2= 17-7482,4, 
the ordinate CO. 

Now, to get the transverse ^s, jee t^i^ dftnionstra- 
tion to this Problem. 

4C02-Aw2 (17-748242 x 4) -> 302 

2Am2-4C0« ^ ^^- (302x;J>^a7-748a42x4) 
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_ 360-0000923904 _ 
X 50 ^ 539-9999076096 >^ ^^ — ^ ^ 
50 zr 33 J, the transverse diameter VE. Then, by 
.1. r» 1 (2 wV + 3 VE) X Am« x mV x -5236 
the Rule. ^ ^v + VE 



_ (50x 2 + 33^ X 3) X 30^ x 50x -5236 _ 4712400 
— 50 + 33§ " 83J 

= 56548*8, the solid content of the parabolic conoid 
AwBVA 2= Answer. 



PROBLEM XXVI. 

Tojindjtke Solidity of the Frustum of an hyperbolic 

Conoid. 

Ex. 2. (4 CD2 + AB2 + ERs) x mn x -1309 = 
(28-172 X 4 + 322 + 242) x 20 x '1309 = 
12498-8440808 cubic inches, the solidity of the frus- 
tum of the hyperboloid ACEnHDBA = Answer. 

Ex. 3. (4 CD2 + AB2 -f- EH2) x mn x -1309 = 
(8-52 X 4 H- 102 + 6^) X 12 X -1309 z= 667-59, 
the solidity of the frustum of the hyperbolic conoid 
ACEwHDBA = Answer. 



PROBLEM XXVIL 

To find the Solidity of the middle Frustum of any 
Spindle, formed by the Revolution of a conic Section 
about its Axis. 

Ex. 1. See the Figure to Prob. XXIV. Solids. 
(CD2 -f EF 4- 4 1X2) X AB x -1309 = 
(32« + 242 + 30-1575682 x 4) x 40 x -1309 = 
!r7425-726242337325056, the solidity of the middle 
firustum GEFHG = Answer. 

Ex. 2. iS^the Figure to Prob. XXIV. Solids. (CD2 
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+ EPg 4- 4 IK2) X AB X -1309 = (162 + 12« + 
14-52 X 4) X 20 X -1309 = 3248-938 cubic inches, 
the solidity of the middle frustum GEFHG = Answer, 



PROBLEM XXVIII. 

To find the Solidity of a Cylindrical Ring, 

Ex. 2; (AC + CD) X AC2 x 2-4674 == (6-5 + 
25) X 6*5^ X 2-4674 = 3283-800975 cubic inches, 
the solidity of the ring mOwV n Answer, 

Ex. 3. By the Note. (AC + CD) x AC x 9-8696 
= (4 + 18) X 4 X 9-8696 = 868-5248 sq. inches, 
the superficies of the cylindrical ring mOnV zz \st 
Answer. 

Then, as 1 sq. in. : 868*5248 sq. in. : : Id, : 
£3. 12*. 4Jrf. -0992, the expense of gildmg tiie ring = 
2nd Answer, 



OF THE FIVE REGULAR BODIES. 



PROBLEM XXIX. 

To find the Solidity and Superficies of any regular 

Body, 

Ex. 2. By the Rule, and Table. AB^ x -1178511 
= 33 X -1178511 = 3-1819797, the solidity of the 
tetraedron zz Answer, 

To find the Superficies, 
By the Rule, and Table. AB2 x 1-7320508 = 3« 
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x: l-TSaaSOB =i 15-5884572, the 8U]^rfictes trf the te- 
traedron =3 Anaivef*. 

Ex. 3. By the Rule, and Table. AB^ x -4714045 
= 123 X -4714045 = 814-586976 cubic inches, the 
solidity of the octaedron = Answer i 

Tofmd th^<Superfic%es. 

By the Rule, and Table. AB^ x 3-4641016 = 12« 
X 3-4641016 = 498-8306304 sq. inches, the superficies 
of the octaedron =: Answer. 

Ex. 4. By the Rule, and Table. AB^ x 2-1816950 
:± 123 X 2-1816950 = 3769-96896 cubic inches, the 
solidity of thie icbsaedroh =: Answer. 

To find the Superficies, 

By the Rule, and Table. AB^ x 8-6602540 =: 12« 
X 8*6602540 = 1247-076576 sq. inches, the superfi- 
cies of the icosaedron = Answer. 

Ex.5. BytheRule, and Table. AB^ x 7-6631189 
= 123 X 7-6631189= ia241-8694592 cubic inches, 
the solidity of the dodecaedron = Answer. 

To find the Superficies. 

By the Rule, and Table. AB^ x 20-6457288 = 
12« X 20-6457288 = 2972-9849472 sq. inches, the 
superficies of the dodecaedron = Answer. 

Ex. 6. By the Rule, and Table. 123 x 1 = 1728 
cubic inches, the solidity of the hexaedroD' = Answer. 

To find the Superficies, 

By the Rule, and Table. 12^ x 6 = 864 sq. inches, 
the superficies of the hexaedron = Answer. 
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OF tfiE SPECIFIC GRAVITY OF SOLIDS. 



PROBLEM XXX. 

Tojhd the^djie GravUy of a Body. 

CA$^ I. 

When the Body is heavier than Wattr. 

Eac. fJ. 108-5 lbs. — 72-3 lbs. = 36-2 pounds 
weight lost rik water. 

Then, a« 36^1bs : 108-51bs. :: 1000 oz. : 2997 
omiees, the specific gravity of the stone =2 Answer. 

CAftE II. 

When the Body is lighter than Water, so that it vAll 

not sirik* 

Ex. 4. 120 lbs. — 80 lbs. =s 40 pcfottds of granite,. 
loss of weight in the water ; and, (20 lbs. + 1201bs.) -* 
16§lbs. = 123|poundft, loss ofweight of the compound 
in water. 

Then, as 123 J lbs. — 40 lbs. : 20 lbs. :: 1000 02. 
: 240- ounces, the specific gravity of the cork = 
Answer. 

GASS lit. 

For a Fluid of any £ind. 

Eac. 6« 166i 02. -r- 42| oz. = 123| ounces, foss of 
weight of the ligntim vitee in the fluid. 

Then as 166| oz. : 1232 oz. :: 1333 oz. : 991 
ounces, the specific gravity of the fluid :r Answer. 

n 
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PROBLEM XXXI. 

The linear Dimension^, or Magnitude of a Body, and 
its specific Gravity , being given, tojindits Weight. 

Ex. 2. By Rule 1, Prob. XII. Solids. 3-5s x -5236 
rr 22*44935 cubic inches, the solidity of the cast-iron 
shot; 

Then, as 1728 cub.m. : 22-44935 cub. in. :: 7645 oz. 
: 99*32018 ounces = 6*20751 pounds, the weight of 
the cast-iron shot ^ Answer, 

Ex. 3. Here 9 in. — (1 j in. x 2) = 6 inches, the 
internal diameter. 

Then, by Rule 1. Prob. XII. Solids. 

C cubic inches, the 
93 X -5236 = 381-7044 1 solidity of the 

(, whole. 

^ cubic inches, the 
Again. 6» x •5236= 1 1 3*0976 < solidity of the 

' (, vacuity. 

The difference = 268*6068 cubic inches, the 
solidity of the shell. 

Then, as 1728 cub. in. : 268*6068 cub. in. :: 7645 oz. 
: 1188*3674 ounces = 74*2729 pounds, the wieightof 
the cast-iron shell = Answer. 

Or, get the solidity of the shell thus : 

Here 9 in. » (1| in. x 2) =6 inches, the btemal 
diameter. ■ 

Then, b y Ex ample 1 , Prob. XLI. Solids. (9 -h 6f 
-9x6)x9— 6 X -5236 = 268*6068 cubic 
inches, the solidity of the shell, as before. 

Ex. 4. (See Fig, 10 of this Key,) In this ques- 
tion for " diameter*' read " radius." 

♦AsAB -hBD = (AD) : AB :: DE : BC; i»«. as 

76ft. -h 5ft. =(8ift.) : 76ft. :: 3jft. : 3*127572 

feet, the lower chord of the front of the stone. 
« • Buclid, 4 p. Ti. b. 
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1 = 



Now, by Rule, Prob. X. Solids. 
(DE -h i BC) X DF = (3J + J^ = 19-5884772 
3-127572^2) x 4. . . . 

(BC+iDE)xCH= (3.1275720) _ 19.1769544 
+ 3J..5-2) X 4 5 - i^i7b^544 

The sum = 38-7654316 



Then, 38-76543 x (5 ft. -^ 3) = 64-60905 cubic 
feet, which x by 1728 = 111644-4384 cubic inches, 
the solidity of the keystone. 

Then, as 1728 cub. in. : 11 1644-4384 cub. in. :: 
2570 oz. : 166045-2585oz.= 10377-8286 lbs. = 
4 tons 12 cwt« 2 qrs. 17-8286 pounds = Answer. 

Tk9 toAoltf of these jituwers agree with those tn the wrk. 

Solution^ considering 76 feet as the diameter,* 

tAs AB + BD = (AD) : AB :: DE : BC; viz. 
a8 38ft, + 5ft.==(43ft.) : 38ft.:: 3 J ft. : 2-945736 
feet, the lower chord of tiie front of the stone. 

Now, by Rule, Prob. X. Solids, "j 
(DE + |BC) X DF = (3J + i = 19-224804 
2-945736 -f- 2) x 4 . . . . ) 
^(^^DE)xCH=C2.945736j ^ ,,.^,,,, 

The sum = 37-674412 



Then, 37-674412 x (5 ft. -r- 3) = 62-790686 cubic 
feet, which x by 1728 = 108502-305408 cubic inches, 
the solidity of the keystone. 

Then, as 17-28 cub. in. : 108502-305408 cub. in. :: 
2570 oz. : 161 372-06302 oz. = 4 tons 10 cwt. qr. 5lbs. 
12*06302 ounces, the weight of the keystone = Answer. 



* In hb Bolntion of this example, Mr. Keith has made use 
of 76 feet at the radios instead of the diameter, which it really 
is. See Dr. Button's Mathematical Dictionary^ vol. i. p. 258. 
Edition 1815. 

f Euclid, 4 p. vi. b. 

h2 
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Ex. 5. By Rule 2, Piob. XI). Superficies. 31^* x 
'7854 = 304*2496 sq. inohesy (be area of die base of ^ 
cylinder; and, by Rule, Prob. IV. Solids. .$04*9406 pc 
14m.== 1 1259-4944cubk JAcbeSydiesolidilr^pfaQyln^ 
whose dinneter is 32 inches, and depth 14 inches, equal 
to Ihe quantity of wuter displaced by the gkuNi, which 
is ^eipnd to its soMky zt Ist Answer. 

then, as 1728 cub. in. : 11259*4944 cub. in. :: 
^9 Qz. : 190a9*4d22 ounces, At si^ht of die flint 
.£^ P3 ^ikJ 4iisv£r 

PROBLEM XXXDE* 

The ^ee^ €hr€mity ttfa Bedfy, amdits Weij/kiy Mmg 

given^ tojind Us SoU^ty. 

Ek.£. As 74S45«z. : 42 ftis. :: 172B cub. in. : 
151*8922171353826030 cubic inches, the solidjty of the 
cast-iron fftiot =: 1^ Answer. 

Then, i51'8992171353$d6080 ^ hj "5206 =: 
g 90'Q92^877g9, tJie osibe of the diatteter ; beiioe, 
V290*09f^677M s 6^198^ the 4iMneter of Ae <»M- 
iron shot = 2nd fLntwer. 

Sx. 3. As 930 02. : 16 oz. : ; 1?29 pub. m ; ^^ 
cubic inches of g(uipow4er ;^ Amw^» 

PROBLEM XXXUI. 

To find ithe QuqMtitie^ vf two Ingredients in a given 

Compound. 

Ex. 3. (See 4he demonstration to Ais PteUem.) 
. w le? <5 _ 128 128 128 I (54 64 
^^ c''g' I -^ 15640'19350' loSlO^T^SSfS'SraS 

64 64 I _ 613 I^^ 

9675 "1-^^255 "^ tap - 18^630 |^^ 

64 j_l^ 64 _ >2(7l f the iess 

3558 " 190 ^ 5675 "" 2515^ tdMtacenrt. 

56576 Cthesumof 
10168425 (thediff. 



1 
180 




\ 



SPECIFIC GKAVITY. 77 

BmrnttWa. GiMMrDUr. . 

56576 613 . ^^^ ,, 

*^^^' 10168425 • 136630 •• ^*^ ^^' ' 
10168425 X 613 x 128 _ 1186155 _ 10^01^71 
56576 X 136630 — 11492 "" ^"^''^^^^^ 
pounds of gold, the heavier ingredient = Ut Answer. 

56576 . 271 .. . 

. ' 10168425 • 251550 • • ^^^^ *°^- • 
10168425 X 271 x 128 _ 284821 _ o^ -. .0. 

56576 X 251550 "" 11492 - ^ '^^'^^ 

pounds of silver, the lighter ingredient = 2nd Answer. 

*0r thus, the same as Example 1 : 

16640 oz. : 128 lbs. :: 1 cub. ft. : -007692307 
cubic feet, the solidity of the compound. 



* TliU EiLMBple Is better explained by the following equa- 
tioB : 

Let X denote the namber of pounds of gold in the com- 
pound. 

y denote the number of pounds of silver in the compound. 

And a denote the weight of the whole compound in pounds. 

•*. 16 X will be the number of ounces of gold, 
and 16^ will be the number of ounces of silver. 

Then,asl9S50 : 16 x:: I ft. : 193^ ^ gg^» tbe solid con- 
tent of the gold ; 

As 10510 : 16^ :: 1 ft. : j^q "■ 58^* ^® *°^^^ content 
of the silver ; 
And as 16640 t 16 a :s 1 ft. : fgg^ »• |^ the solid cob- 

tent of the whole mass or compound. 

4Jid we shall obviously have x -^ ys^a, 

^^^ 9675 ^" 6255 "* 1040. 
The latter equation, when cleared of fractions, is 
1748864X + 3219840^sS0aa685a 

^^^^^3^ I I748864X + l7488643^-» I748864ii 
Difference-^ • 1470976 j^»- 284881 0—284821 X J28 
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19350 oz. : 128 H». f. 1 cub.<t : '006614987 
cubic feet, tke setidity of the gold. 

10510 oz. : 128 lbs. :: l cub. ft. : •013178877 
oubie feet, the sl^U^Utj^ Of the aiHy&r. 

Then, -007692307 ^ -006614987 ;= -Oofo^fsSa 
And -014178877 -* -007692307 =x '604486570 



iA^ 



The sum of the difierenl^ ct "005563890 



I fc > » N» ■iai>»i 



Th^n, ^005563890 cub.1t : ^004486570 cub. ft. : : 
1281b6. : 103-2157 pounds of gold, the hcayiar ingre- 
dient =: 1^^ Aiuwer, as before. 

/. 1281bs.—103-21571bs.= 24-7843 poundsofsUver, 
the lighter ingredient = 2 Answer ydi&\m(Ste. 

Or thuiy by Rule 2: 

(16640 oz. - 10510 oz.) x 19350 oz. = 118615500 
ounces, the first product. 

And (19350 oz. -^ 10510 <>^) x 1^640 o^ c= 
147097600 ounces, the second product. 

Then, 147097600 oz. : 1 1861 5500 oz. :: W81bs. 
: 103*2157 pounds pf gold, the heavier iijigredi^l^ |=: 
\$t Answer^ as befpce. 

' And 128 lbs. -^ 103-2157 lbs. s 24-7843 pounds of 
silver, the lighter ingredient tr ^nd Answer yZS before. 

Ex. 3. ^fu«. 9 ounces, { J^.^S^V^'T "^ 

Take 6 onaeea f *''® weight of water di»- 

3 ounces, the remahider. 

■\' ■ . '• ' r 1 1. ., . J rwi ml «|| ifiit 

whence y — — U70976 *" TT^JT "" «**^84^ powids, the 
qnantity of silver in the yase. 

Andx — a -y — m -M-T8M8». 1AM 1671 jpovnds, the 
qaantity of gold In the Taee. 

* Let « denote th« wvlfht tf the trofrn ia-«Hices ; 
« denote the onnces of fold in the crown ; 
Md f d«Mle the otnceii of jilTer in the crown. 



1 ounce, the remainder. 

The sum of these remainders is 4 oimces. 

Then, as 4oz. .: Sidz. '^ 100 o2. i: 75 ounces of 
gold. 

And n$ 4 pz. : 1 oz^ ;: XOO oz^ i S5 ounpe3 of 
sSver. 

•\ the crown consisted of 75 ounces of gold and 25 
ettntees of -sfl^i^. 

Tofiibi how mtmy Inches a JUmtmg Body of given 
JDimensionfi'tuUl smh in q Fluid. 

Ex. 2. As 1000 oz. : 600 o?. :: 1726 cub. m, : 
1086*8 ct^e inches of elm immersed ; consequently 
1086'8 -f- by(i«in. x 12 in.) =r 7*32 inches, the depth 
it iriil sink =£ Answer. 

Bx. 3. Py Rule, Prob. II. Solids. 40 x 3 x 3 
zz 360 cuUc feet, the soliditr of the velbw Ar: 
' lien, by Rule, T^rob. XXXl. Solids. 1 cul). ft. : 
3$D cub. ft. , : : 657 oz. : 236520 ounces, the weight pf 
the yeHow fiv. 

'^•h^^n^i w t: 5 : ^ am the wei^t of water displaced 

by the ^qUL, 

9" It 
And tiB a I 3f ti 9 I -^^^ iJmi waiffllit x^fwattfdif placed 

M *•• m^ fM^ ktkv^of + 31 -f. a, and -y -j- -7 = 6. 

Or,.5^ -I- 9y «= 6a 

' > ' 'I 

.'• y «s T ^B* -2" ■" »5 ouBces of «lver m the crown $ 
And Xmma — ymm |(X)— 85 = 75 oances of gold in the crown, 
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Then, by the Rule. 1030 oz. : 236520 oz. :: 1728 
cub. in. : 396802*485436 cubic inches of yellow fir 
inunersed; consequently, 396802*485436 -i- by (480 in. 
X 36 in.) = 22*9631067 inches, the depth it will 
sink ^ Answer. 

. PROBLEM XXXy. 

To find what Weight may be attached to a floating 
Body J 80 that it may he just covered with the Fluid. 

Ex. 2. 1 cub. ft. X (1030 oz. — 240 oz.) = 790oz. 
s: 49§ pounds weight, to immerse the cork =: Answer. 

Ex. 3. Here hw an anker of brandy = 5 gallons, 
and a gallon of brandy = 231 cubic mches ; hence, 
231 X 5 == 1155 cubic inches, the content of the half 
anker, and 1155 + 216 = 137rcubic inches, the solid 
content of the oaken cask and brandy. 

Then, by Rule, Prob. XXXI. Solids. 1728 cub. in. 
: 1371 cub. in :: 1030 oz. : 817*20486r ounces, 
the weight of sea water equal in bulk to the cask and 
brandy. 

ckfaiMkM c«fctei>ckM. o»Mt. o»Mt. f thewdght 

.-.as 1728 : 216:: 932 : 116*500000^ of theoak- 
^ . (en cask. 

^ 1728 : 1155 :: 927 : 619*609375 1 ^i^dy.^^ 

The sum = 736*109375 ounces, the 
weight of brandy and cask. 
Then, the weight of the sea water =81 7*20486rounces, 

And the weight of the brandy 1 _ ^^6.109375 ounces, 
and cask 3 



The difference = 81*095486 ounces 
of sea water. ■ 

Now, the specific gravity of lead = 11 325 ounces. 
And the specific gravity of sea water = 1030 ounces. 

The difference = 10295ounces of 
lead. -^ 



Then, as 10295 oz. : 81-095486 oz. :: 11325 oz. 
: 89-208973 ounces avoirdupoise = 51bs. 9-208973 oz., 
the weight of lead necessary to immerse the half -anker 
of brandy in sea water zz Answer, 

PROBLEM XXXVL 

To find the Solidity of a Body, lighter than a Fluids 
which will bf ^^vMfi^t 40 prepeni a Body^ much 
heavier than the Fluid, from sinking. 

Ex.i2. Htte49|lba,;r; T90 ounced, the weight of 
the body to be floated in sea water. 

•nien, by Rule, Prob. XXXII. Solids. 11325 oz. 
: "JW 02. t : liflB cub. ia. -: 120^540397 tmbic 
inches, the solidity of the lead. 

By Rale, Piob. XXiKI. Solids. 1728 cub. in. : 
120-540d97fnb.ia, >:: 1030 oz. ? 7VB498e9 otmeea, 
the weight of sea water equal in bulk to that of the 
lead. 

Now,bytheRtde. (11^30 oz. — 'MO oz.) : (790 oz. 
-f. 71-8^9889 oz.) ;; 1728cub,in. ; l570-!»ap7364 
cubic inches of cone, requisite ^ keep 'me lead afloat = 
Answer. 

Ex. 3. By Rule, Ph)b. XXXn. Solifls. A» 1333 oz' 
^ 149 oz.:; I728.cub.ia. .; 1S9-2633X$ cuTjic «Kjies> 
"Ab solidity of file Ijgqium vitse. 

Then, by Rde, Prob. XXXI. Solids. 1728 cub. in. 
r l«9-2e»8i5 cub. in. r. lt)00 oz. : 109-527381 
•mnces, ^iat "vixei^t pf common water eqiod in biflk to 
ItsstX of th^ Jigmim iitsip 

Now,l)ythe Rule. (1000 ob. — 6^9 o^) : (l46oz. 
— 1*09-527381 mi) :: 17a8 cub. in. ! 146-228968 
cubic inches pf white fir, requisite to keep the lijgQum 
tHs afloat ::;: Is^ Answer. 

Now, by RuljEi;,Prob.rV. Traib. Measure. 146-228968 
eub. in. -f- by 9 (t\^ i^a of the end) =3 16^47663 r= 
16^ inches long neariy zc 2nd Answer^ 
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WEIGHT AND DIMENSIONS OF BALLS AND 

SHELLS. 



PROBLEM XXXVIL 

The Diameter of an Iron Shot bdng given, tojiwjtits 

W^ht* 

Ex. 2. Here 7' = 343 inches, the cuhe of the dia- 
meter. 

Then, as 64 in. : 343 in. :: 9 lbs. : 48*234 
pounds, the weight of the iron shot = Answer, 

PROBLEM XXXYIII. 

The Diameter of a leaden Ball being given, to find its 

Weight,^ 

Ex. 2. Here 5-75» = 190- 109375 inches, the cube 
of the diameter. 

Then,a8289in. : 190-109375in.:: 641bs. : 42-10037 
pounds, the weight of the leaden ball = Answer. 

* DwiomtratUm, The Weight of an iron shot, whose diameter 
is 4 incheSf is known to be 9 lbs. % and as spheres are to each 
other as the cubes of their diameters, .'. as 4* : D* (diamej 

ter being =: D) :: 91bs. : ° ^ the weight of the iron shot, 

which is the rule. 

f DemotutraHon, The weight of a leaden ball, of 4} inches 
in diameter is known to be 17 lbs. s hence, as^B)* : D* (diame- 

ter being ss D) :: 17 lbs. : ;^jg ass - ^^q the 

weight of the leaden ball, which is the rule. 
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PROBLEM XXXIX. 

The Weight of an Iran Ball being give% to find its 

Diameter, 

Ex.2. As 9 lbs. : 24 lbs. :: 64 in. : ^^J^2± 

64 
=07 ^ 72, the cube of the diameter. 

* y64 ^ — 

Then, v^27 x 72 = | ^72 = f ^/ST = 

5*5468898 inches, the diameter of the iron ball = 
Answer. 



PROBLEM XL. 

The Weight of a Leaden Ball being given, to find its 

Diameter. 

Ex.2. As 64lbs. : 81b8. :: 289 in. : ^-^g^ 

g 
= g7 X 289, the cube of the diameter. 

Then, \/^ X 289 = } 4/289 = 3-305744 
inches, the diameter of the leaden ball =: Answer. 



PROBLEM XLI. 

The external and internal Diameters of an Iron Shell 
being given, to find its Weight. 



Ex. 2. 9-8 H- 7V2 - (9-8 x 7) x (9-8 - 7) x z\ 
zz 84*12075 pounds weight zz Answer, 
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MENSURATION OP ItMBER AND OF 
ARTIFICERS' WORK. 



1i.— 6r TIMBER MEASUAB. 



PROBLEM I. 



To find the supefficiai Content of a Board or 

Plank. 



^2.) 



la. 

3 



PMt. ria. 

8 .6 
2.1i 



In. 

2 



(3.) 
2 . 1 



10. 7J 
2J 



14 . 7 1= Answer. 



5 .31 

21 . 3 

12)26 .6^ 

2«. ij€^. I asf AnaPwer. 



* II >«.« 



Ex. 4. ^ (-5 + 1 + 1 4- 1^5 + 2 4- 2 + 
1 + 2) = Ig, the mesji bfeddth, and If x 14 rr 
19^ square feet^ the content of the plank zz Answer. 
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(5.) 

13} X 2 = 27-00 
14| X 1 = 14-25 
18 X 2 = 36-00 
Hi X 2 = 22-50 

7 )99-75 



12)14*25 inches, the mean breadth. 



1-1875 feet, ditto. 
17-5 feet, the length. 



20*78125 square feet, the content of each 
5 [plank. 



103-90625 sq. feet, the content of the five 

[planks. 

Then, as 1 sq. ft. ; 103-90625 sq. ft. :: 3d. : 
£1. 5s. Hid. -875, the value of the five oaken planks 
=: Afistoer, 

PROBLEM II. 

CHven the Breadth of a rectangular Planh in Inches^ 
to find how much in Length will make a Foot, or 
any other assigned Quantity, 

Ex. 1. 144 sq. in. -4- 19 in. = 7-5789 inches in 
length = Answer, 

Ex. 2. IJyd. X 1296 (in a sq. yd.) = 1944 sq. 
inches, the area. Then, 1944 -f- by 26 in- = 74-7692 
inches == 6-2307 feet, the distance from the end to be 
cut off =: Answer, 

PROBLEM III. 

To find the solid Content of squared or four^sided 

Timber. 

Ex. 2. By Rule 1. i (1^ + 1^) =: 1^ feet, the 
quarter girt 

X 
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Then, ijl^ x 18 ft. = 28 J solid feet, the content of 
the timber =: Answer. 

By Rule 2. Tjl^ x 18 ft. = 28 J solid feet = An- 
swer, as before. 

Ex. 3. By Rule 1; i (25 H- 9) = 17 inches, the 
quarter girt. 

Then, 172 x 20ft. = 5780, which -^ 144 =: 40-138' 
solid feet, the content of the timber = Answer 

By Rule 2. {See Note.) i (25 + 9) x i (25 + 9) 
X 20 = 5780 ; which -r by 144 = 40-138' soUd feet, 
the content of the timber =: Answer^ as before. 

By Rule 3. (25 + 9) x (25 4- 9) =z 1156, the 
product of the sum of the breadths and depths 
of both ends. 

And (25 X 25) + (9 x 9) = 706, the 
sum of the products of the breadth and depth 

of each end. 

The sum = 1862. 

Then, (1862 -r- 6) x 20 ft. = 6206-6', which -r- by 
144 =43-10185 solid feet, the content of the timber 
= Answer. 

Ex. 4. By Rule 1. {See Note.) J (32 4- 10) + 
J (20 + 6)= 34 inches, thebi:eadth.and depth in the 
middle, and 34 -=- by 2 =z 17 inches, the quarter girt. 
Then 172 x 18 ft. = 5202, which ^ by 144 = 36-125 
solid feet, the content of the timber =: Answer. 

By Rule 2. {See Note.) J (32 + 10) x J (20 + 6) 
X 18 ft. = 4914, which H- by 144 = 34-125 solid 
feet, the content of the timber =: Answer*. 

By Rule 3. (32 + 10) x (20 + 6) = 1092, the pro- 
duct of the sum of the breadths and depths 
of both ends. 

And (32 X 20) + (10 X 6) = 700, the sum 
of the products of the breadth and depth 
of each end, ■ ■ ■ 

The sum = 1 792, 
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Then, (1792 ^ 6) x 18 ft. = 5376, which' -r 
by 144 = 37*3' solid feet, the content of the timber = 
Answer. 

Ex.5. By Rule 1. (SeeH^ote.) I (30 + 15) + 
J (18 -|- 7) = 35 inches, the breadth and depth in the 
middle ; and 35 -f- 2 = 17*5 inches, the quarter girt. 
Then, 17-52 x 30 ft. = 9187-5, wbich -i-by 144 = 63-8 
solid feet, the content of the timber = Answer. 

By Rule 2. {See Note.) J (30 + 15) x K^S H- 7) 
X 30 ft. = 8437-5, which -r- 144 = 58-59375 solid 
feet, the content of the timber = Answer. 

By Rule 3. (30 + 15) x (18 + 7) = 1125, the 
product of the sum of the breadths and 
depths of both ends. 

And (30 X 18) + (15 x 7) = 645, the 
sum of the products of the breadth and depth 

of each end. 

The sum = 1 770. . 



Then, (1770 -r 6) x 30 ft. = 8850, which ^ by 
144 = 61*4583 solid feet^ the content of the timber = 
Answer. 



PROBLEM IV. 

To find how much in Length will make a solid Foot, 
or any other assigned Quantity, of squared Timber, 
of equal Dimensions from end to end. 

Ex. 1. Here 18* = 324 sq. inches, the area of the 
end. Then, 1728 -r- 324 = 5 J inches, the length that 
will make a solid foot = Answer. 

Ex. 2. Here 22 x 15 = 330 sq. inches, the area 
of the end. Then, 1728 -4- 330 = 5-23 inches, the 
length that will make a solid foot = Answer. 

i2 
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PROBLEM V. 



To find the Solidity of round or unsquared Timber. 



Ex. 2. By Rule 1, and Note. 



21-58 X 20 ft. 
144 



64*2 solid feet, the content of the timber = Answer. 



Ex. 3. By Rule 1, and Note. 



17-75g X 24 ft. 
144 



62*51 solid feet, the content of the timber :=: Answer. 

Ex. 4. I (9-43 + 7-92 + 6-15 + 4-74 + 3-16) = 
6-28 feet, me mean girt, which -r by 4 = 1*57 feet, 
the quarter girt. 

Then, by Rule 1. 1-572 x 17J ft. = 42-5195 soUd 
feet, the content of the tree = Answer. 



Ex. 5. By Rule 1, and 

No. 1. (18-58 X 45) 
r(202 X 17-83') 
No. 2. -J(ll-25«x22-5) 
((10-58 X 13) 

(322 X 10-5) 

(25-52 X 17) 

(20-58 X 7) . 

(12-58 X 14) . 

(398 X 12-5) . 

(328 X 17) 
No. 4. <f (19-58 X 13) . 

(19-58 X 16) . 

(10-58 X 17-5) ■ 



Note. 



No. 3. 



144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 
144 



SaKdFMC 

106-953125 

49-5370'3r 

19-775390 

9-953125 

74'&66666 

76-765625 

20-428819 

15-190972' 

132 -0^1250 

120-8'88888 

34-328125 

42-250000 

13-398437 



The content of the four cZ»i trees = 716-167459 
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Then, as 1 sol. ft. : 716-167459 sol. ft. :: 2s. Id. 
: £92. 10s. \d. -191229, the value of the four elm 
trees = Answer. 



Or thuSf by Rule 2, and Table, 

Solid FMt 

No. I. 45x2-376 . . . =106-920 



f 17-83' X 
K 2. ^ 22-5 X -I 
(.13 X -76 



17-83' X 2-r77 . . = 49-537 

No. 2.^22-5 X -878 . . . = 19-755 

•766 . . . = 9-958 



No. 



10-5 X (l-7'77 X 4) (see the Note.) = 74-6'66 

17 X 4-516 . • = 76-772 

7 X 2-918 . . = 20-426 

14 X 1-085 . . . =r 15-190 



12-5 X (2-640 X 4) ("sec the Note) = 132-000 
17 x(l'r77 X 4) (see the Note) =:120-8'88 
No 4.<f 13 X 2-640 . . . = 34-320 
16 X 2-640 ... 1= 42-240 
17-5 X -766 . . . = 13-405 



The content of the four e^m trees = 716-077 



Then, as 1 sol. ft. : 716077 sol. ft. :: 2s. Id. ; 
£92, 9s. 104rf.-548, the value of the four elm trees = 
Answer. 
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III. — OF CARPENTERS* AND JOINERS* WORK. 

1 . — Of Flooring. 

It would be requisite for the learner to commit the 
following rule to memory, as it is so essential in squaring 
dimensions. 

Rule. 
Feet multiplied into feet give feet. 
Feet multiplied into inches give inch^. 
Feet multiplied into seconds give secon^si. 
Inches multiplied into inches give seconds. 
Inches multiplied into seconds give thirds. 
Seconds multiplied into seconds give fourths. 

Ex 2. 53ft. 6 in. x 47 ft. 9 in. =z 2554 sq. ft. 7 in. 
6 sec., which -i- by 100 = 25 sqrs., 54 sq. feet, 7 inches, 
6 seconds, the contents of the floor = Answer, 

Ex. 3. 36 ft. 3 in. x 16 ft. 6 in. =z 598 sq. ft. 1 m. 
6 sec, which -r- 100 =z 5 squares, 98 sq. feet, 1 inch, 6 
seconds, the content of the floor ^n Answer, 

Ex.4. 



FMt. IneliM. 

I .2 
1 .0 


laahM. 8e«. Thirds. 

6.6-0 
3.0.0 


laohM. Sm. 

8 .6 
4 .0 




Incbw. S«« 

2 .6 
4 .0 


1 .2 

20 


1.7.6 
20 


2.10 
9 


■ 


10 

6 


23 .4 


2.8.6.0 
8 


2.1.6 
8 




5 .0 
24 






21 .8.0.0 


17 .0 .0 


10 


.0.0 



Then, 23ft.'4in. + 21 ft. 8 in. + 17 ft. + 10 ft. = 
72 solid feet, the content of the whole = Answer. 
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02 CA&PENTERS' AKD JOIKERb' WORK. 

2 . — Of Partitioning, 

Ex. 1. 82ft. Gin. X 12ft. 3in. =z 1010 sq.ft. 7 in. 
6 sec, which -f- 100 = lOsqrs. 10 sq. ft. 7 in. 6 sec,, the 
content of the partition = Answer, 

Ex. 2. 91 ft. 9 in. X 11 ft. 3 in. = 1032 sq. ft. 2 in. 

3 sec, which -r- by 100 = 10 sqrs. 32 sq. ft. 2 in. 

3 sec, the content of the partition = Answer. 

3. — Of Roofing, 

• Feet. laehM. 

Ex. 2. 52 . 8, the length within the walls. 
30 . 6, the breadth withui the walls. 



1580 . 
26 . 4 



2)1606 . 4, the flat. 
803 . 2, half the flat. 



2409 . 6, which -H by 100 = 24 sqrs. 9 sq. 
feet, 6 inches, the area of the roof. 

Then, as 100 sq. ft. : 2409 sq. ft. 6in. :: IOJ5. : 
£12. • 12^. ll|rf. '88, the expense of roofing the house 
zr Answer. 

FMt. laehM. 

Ex. 3. 2)20 . 6, the breadth within the walls. 

10 .3,. the half-breadth within ihe walls. 



30 . 9, the breadth of the roof. 
40 . 6, the length of the roof. 



1230 . 
15 . 4 . 6 



1245 .4.6; which ^ by 100 = 12 sqrs. 
45 sq. feet, 4 inches, iS sec; or = 12*45375 sq"'«. , 
the content of the roof ;;= Answer, 



i ' - 
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(Ex. 4.) 

VtMt. la. FMt. !■• Ib. Faeb In. Sm. 

36.0x1.2x9 =31.6.0{gdi^fi^« 
11.6X1.0X5 = 4.9.6{J;i^.;f^the 

7.6x0.6x5x2= 2.7.3}J;^J^B^;>« 

19.0X0.5X10X2= 13.2.4P2„°J^;'« 

ditto of the 



3.6X0.4X 5x2= ll.s j^t^^cc 

Thes«n.= 53.0.9{-Sansh" 
7.0X0.3X5X2= 1.5.6{;i^y;^^f'» 

The difference = 51 . 7 . 3 1 J^J°J°' '"** 






J 



4. — Of Wainscotting. 



Ex. 2. 137 ft. 6 in. x 16 ft. 3 in. = 2234 sq. ft. 
4 in. 6 sec., which -f- by 9 = 248 sq. yards, 2 sq. feet, 
4 inches, 6 seconds, the content of the wainscot = 
Answeri 

(Ex. 3.) 



69-75, the breadth. 
6-25, the height. 



2 )435*9375 sq. feet, the area of the window-shutters. 
217*9687 sq. feet, the half area of ditto. 

9 )653*9062 sq. feet, the sum at work and half. 

72-6562 sq. yards, the content of the window-shut- 
ters =: Answer. 



94 carpenters' and joiners' WOE&. 

(Ex. 4.) 

Jy^* o'.'?* ^v. o «_ oA* '^ ( the area of the three win* 
7.8x3.6x3- ^^ • ^ i dow shutters. 

3.6x7.0 = 24 . 6, the area of the door. 

rru^ -„^ — Ta^ n f the area of the door and 
The sum - 105 . J ^.^^^^ ^^^^^^ 

62 . 6, the half area of ditto ditto. 

The sum = 157 . 6, the content of the door and 
window shutters at work and half. 

Vtt, laAa*. FMt. lackat. " FmL LmIim. 

83 . 8x 12 . 6 = 1045 . 10, area of the Whole room. 

' ( window shutters. 

The difference = 940 . 10 1 the content of the wains- 

( cottmg. 
1 '57 6 y ^O'^tent of door & window 
I shuttera at work & half. 

9)1098 . 4, the sum. 



122 sq. yds. 4 in. the content of the 
[whole. 



Then, as 1 sq. yd. : 122 sq. yds. sq. ft. 4 in. : : 6s. 
: £36 125. 2Jrf. §, the expense of the whole = An- 
swer, 
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(Ex. 5.) 

F«et. la. FMt. la. F«tt la. 0m. C 

129 . 6x 16 . 3 == 2104 .4.6^ «»•.*"» of 

i vhole room. 

}(7.0x 3.9) = 13.1.6[«;«>Sf.-»k 

i(7.3x 4.6x2) = 32.7 .ek^^liSSt 

(.•Imttwi. 

(7.3+ 1 . 3)xT. 2x4 = 39 . 8 . 0^53? ^. 

f boudt. 

4.6x1.2x4 = 21 . . I «d ?h,?kt 

C boards. 

'••*• '■- '•^ "■• C araaof llnisc 

(7 . X 2 + 3 .9)X 1.4= 23 . 8 . < boardiroimS 
^ ^ i Uedoor. 

The sum = 2234 .5.6, 

3 ft. 9 in. X 3 ft. ZZ 11 . 3 . < chimneytobtf 



( deducted. 

9)2223 .2.6 

247 sq. yds. 2 in. 6 se- 
conds, the content of the whole work. 

Then, as 1 sq. yd. : 247 sq. yds. sq. ft. 2 in. 6 sec. 
: : 31$. : £43. 45. S^d. ^, the estimate of the charge 
= Answer. 

IV. — OF bricklayers' work. 

1. — Of Tiling or Slating. 

Ex. 2. 35 ft. 9 in. x 43 ft. 6 m. = 1555 sq. ft. 1 in. 
6 sec., which -r- by 100 = 15 squares, 55 sq. feet, 1 inch, 
6 seconds, the content of the tiling =: Answer. 

FMt. laehM. Im. 

Ex. 3. 43 . 10 . 0, the length of the eave. 
1 . 4.0, the breadth of the eave. 



58 . 5.4, the area of one eave. 
2 



116 . 10 . 8y the area of the two eaves. 



96 bricklayers' work. 

FMt. hokaa. 8m . 

43 . 10 . 0, the length of the bam. 
27 . 5 . Oy the breadth of the bam. 



2)1201 .9.2, the flat. 
600 . 10 . 7, the half flat. 
116.10.8, the area of the two eaves. 



1919 . 6 . 5, the content of the tiling. 



Then, as 100 sq. ft. : 1919 sq. ft. 6 in. 5 sec. : : 251$. 
: £24. 9s. 5^d. *105, the expense of tiling the bam 
=: Answer, 



2.— Of Walling. 



Feet. 



Ex 2. 245-75, length. 

16'5, height. 



4054-875 

5 half-bricks. 



3)20274-375 



272)6758-125(24 rods. 
544 



1318 
1088 



68)230(3 quarters. 
204 



26 feet. 



Answer — 24 rods, 3 quarters, 26 feet. 

Ex.3. J(63ft. 6in. X 14ft. llin. x5)=1578sq. 
ft. 8 m. 2 sec. ; which -f- by 272 = 5 rods, 218 sq. feet, 
8 inches, 2 sections, the content of the wall =: Answer. 
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Ex. 4. By Rule, Prob. IV, Superficies, j (15 ft. x 
45 ft). = 337-5 sq. feet, the area of the gable-end ; and 

1 (337-5 X 5) = 562-5 sq. feet, the content of the 
orick-work at standard thickness ; which -r- by 272 = 

2 sq. rods, 18| sq. feet, the content of the gable-end 
= Answer. 



FmC bdiM. 

28- 10 
20- 


Ex. 

FMt iMhM. 

28 : 10 
20- 


5. 

F00t laebM. tM. 

28-10-0 
15- 8-0 


ComraM 

4)42- 


10- 6 
28- 10 


576- 8 
5 


576- 8 
4 


451 • 8-8 
3 


302- 9 


2883- 4 


2306 • 8 


1355 -2-0 





2883 • 4, content of the first 20. feet 
2306 • 8, ditto of the second 20 feet f . t i^, • i 
1355 • 2, ditto of 15 feet, 8 inches ^"^ half bncks. 
302 • 9, ditto of the gable 

3)6847 -11, the sum. 



2282 • 7 • 8", the content of the wall reduced to 

[standard thickness 

Then, as 272 sq. ft. : 2282 sq. ft. 7 in. 8 sec. : : 

£5. I6s. : £48. 135. 5Jrf. -960784, the expense of the 

work = Answer. 

3. — Of Chimnies* 

FMt. ImhM. (iiX. /l.) 

3 • 6 wide. 
4- high. 
14-0 

6 half bricks. 



3)84^ 



28 * at standard thickness. 
3 the three fire-places. 

84 • the content of the vacuity of the three fire 
places at standard thickness. 

K 



98 bricklayers' work. 



¥—i' la. 

14 * 6 the height of the parlour. 
12 * the height of the first floor. 
10 * 6 the height of the second floor. 



37 * the sum of the heights. 
7 ' 3 the breadth of the breast of the 

[chimney. 



268-3 

6 half bricks, depth of the j ambs. 



3)1609 • 6 



536 * 6 at standard thickness. 
10 ft. X 6 ft. = 60-0 the content of the shaft. 



The sum =: 596 • 6 the content of the whole at 

[standard thickness. 
84 • the content of the vacuity of 

[three fire-places, at ditto. 

The difference == 512 • 6 the measure. 

2 



1025 ' double measure. 



272)1025(3 rods. 
816 



68)209(3 quarters. 
204 



5 feet. 
Answer, 3 sq. rods, 3 quarters of a rod, 5 sq. feet. 



V. — OF plasterers' work. 

Ex.2. 141-5 ft. X 114 ft. = 1591-875 sq. feet; 
which -f- by 9 =: 176*875 sq. yards, the content of the 
partitions = Answer, 
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(Ex. 3.) 

FMt. I>ekM. 

22- 7 = 22-583', the length. JMuitfeUed 
13 • 11 = 13-916', the breadth. $ ™'""P"e<i. 

9)314-28472' 

34-92052469, &C. sq. yards. 
11 J pence. 



401-586033 pence t= £1. 135- 5Jdf. -344, 
the expense of plastering the ceiling = Answer, 

(Ex. 4.) 

FMt. la. FMt. b. Sq. FMt In. S«o. 

234 • 8 X 14 • 6 = 3402 • 8 • area of the partition. 

680 • 6 • 4 one-fifth part of the 

[area. 

9)4083 • 2 • 4 the sum. 



453 sq. yds. 6 sq. feet, 2 inches, 
4 seconds, the content for the whitening. 

Then, as 1 sq. yd. : 453 sq. yds. 6 sq. ft. 2 in. 4 sec. 
:: 2d. : £3. 15*. 7Jrf. -5061, the expense for 
whitening. 

Sq. FMt. IbcIim. Sm. 

Again, as above. 3402 •8-0 area of the partition. 

680-6-4 one-fifth part of the 

• [area. 

9)2722 -1-8 the difference. 

302 • 4 • 1 • 8" the content for the 

[plastering. 



Then, as 1 sq. yd. : 302 sq. yds. 4 sq. ieet, 1 in. 
8 sec. :: Sd. : £10. Is. l\d. -7160, the expense for 
plastering. 

£. i. d. 

Hence, 3 • 15 • 7J -5061 the expense for whitening. 
10 • 1 • 7| .7160 the expense for plastering. 

13 • 17 • 3 '2221 expense of the whole = 
Answer. k 2 



100 plasterers' work. 

(Ex. 5.) ' 

JNH. huAMK FMt. iMhM. 8q. P««t. I0. 8m. t fl^p poTltPflt ftf fill* 

14 • 5 X 9 • 3 X 2 =z 266 • 8 • 6 } J^® sSes 



13 



>2x9>3x2=:243-7>0{^^;^^^g;^ 



the content of the 



The sum = 510 • 3 • 6 the area of the walls. 
Deduct 7 ft. X 4 ft. = 28 • • content of the door. 



9)482 •3-6 



53 • 5 • 3 • 6" the content of 
the rendering. 



FMt. lo. 



Then, 14 ft. 5 in. the length 1^ , ^ ^ - ^ 
— 10 in. the cornice . K f nir ix- i- j 

13 ft. 2 in. the breadth - | _ 12 • 4 p*^^?^'^- 



10 in. the cornice 



9)167 •6-4' 



18 •5- 6-4" the 
content of the ceilings. ■ 

{53 sq. yds. 5 sq. ft. 3 in. 6 sec. of ren- 
and 18 sq. yds. 5 sq.ft. 6 in. 4 sec. of 
ceiling. 

Ex. 6. i (275 ft. 5 in. x 105 ft. 6 in.) =z 3228 sq, 
yds., 4 sq. ft. 5 in. 6 sec. the content of the roof. 

Then, as 1 sq. yd. : 3228 sq. yds. 4 sq. ft. 5 in. 
6 sec. :: Is. : £161. 8^. 5|(f. -^, the expense = 
Answer, 
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102 glaziers' and plumbers' work. 



VII. — or glaziers' work. 

Ex. 2. 4 ft. 7 in. 9 sec. x 1 ft. 5 in. 3 sec. x 8 rr 
53 sq. ft. 5 in. 1 sec. 6 thirds, the content of the eight 
panes := Answer. 

Ex. 3. 4 ft. 5 in. 6 sec. x 1 ft. 4 in. 9 sec« x 16 
:= 99 sq. ft. 6 inches, 10 seconds, the content of the 
sixteen panes = Answer. 

Ex. 4. 7 ft. 3 in. x 3 ft. 5 in. = 24 sq. ft. 9 in. 
3 seconds, the content of the window := Answer. 

Ex. 5. (6ft. llin. + 5ft. 4 in. + 4ft. 3 in.) x 7 
=: 1 15 feet, 6 inches, the length of the whole of the win- 
dows; and 115 ft. 6 in. x 3 ft. 6 in. = 404 sq. ft. 3 
inches, the ai'ea of the whole. 

Then, as 1 sq. ft. : 404 sq. ft; 3 in. :: 14J(i. : 
£24. 85. 5 Jrf. '5, the expense of the glazing =: Answer. 

Ex. 6. By Rule, Prob. IV; Superficies. J (16 ft- 
9 in. X 12 ft. 6 in.) = 104 sq. feet, 8 inches, 3 seconds, 
the area of the triangular skylight. 

Then, as 1 sq. ft. : 104 sq.ft. 8 in. 3 sec. : : lOd. : 
£4. 7s. 2|c?. '5, the expense of the triangular skylight 
zz Answer. 

Ex. 7. 14 ft. 6 in. X 4 ft. 9 in. = 68 sq. feet, 10 
inches, 6 seconds, the area of the elliptical fanlight == 
Answer. 



VIII. — OF plumbers* work. 

Ex. 2. 18 ft. 6 in. x 12 ft. 3 in. = 226 sq. ft. 7 
inches, 6 seconds, the area of the flat. 

Then, as 1 sq. ft. : 226 sq. ft. 7 in. 6 seconds : : 
6 lbs. : 12cwt. qrs. 15| lbs., the weight of lead = 
Answer. 
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Ex.3. As 1yd. : 120yds. :: 18 lbs. ; 2160 lbs., 
the weight of the leaden pipe. 

Then, as lib. : 2160 lbs. :: 3d. : £27, the ex- 
pense of the leaden pipe = Answer. 

Ex. 4. 43 ft. X 32 ft. = 1376 sq. feet, the area of 
the roof. 

57 ft. X 2 ft: =z 114 sq. feet, the area of 

the gutter. 

The sum z= 1490 sq. feet, the area of 

the roof and gutter. 

Then, as 1 sq. ft. : 1490 sq. ft. :: 8| lbs. : 
13037 J lbs., the weight of the lead; hence, as 112 lbs. 
: 13037 J lbs. :: ISs. : £104.155.3|df., the expense of 
covering the gutter and roof = Answer. 



IX. — OF masons' work. 

Ex. 2. 107 ft. 9 in. x 20 ft. 6 in. = 2208 sq. feet, 
10 inches, 6 seconds, the superficial content of the wall 
=: Answer. 

Ex. 3. ^ (1 12 ft, 3 in, X 16ft. 6 in.) = 29 sq. rods, 
25 sq. feet, 1 inch, 6 seconds, the superficial content 
of the wall =: Answer. 

Ex. 4. 5 ft. 7 in. x 1 ft. 10 in. = 10 sq. ft . 2 in. 
10 seconds, the superficial content of the marble slab. 

Then, as 1 sq. ft. : 10 sq. ft. 2 in. 10 sec. :: 6«. : 
£3. Is. 5d. the value of the marble slab z= Answer. 



X.— OF pavers' work. 

Ex. 2. i (24 ft. 5 in. X 12 ft. 7 in.) = 34 sq. yds, 
1 sq. foot, 2 in., 11 seconds, the area of the court-yard. 

Then, as 1 sq. yd. : 34 sq. yds. 1 sq. ft. 2 in. 1 1 sec. 
:: 3s. 4d. : £5. I3s. did. -09876, the expense of pa- 
ving the court-yard = Answer. 
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Ex. 3. 62 ft. 7 in. X 44 ft. 5 in. = 2779 sq. ft. 8 m. 
1 1 seconds, the area of the whole yard ; and 62 ft. 7 in. 
X 5 ft. 6 in. =: 344 sq. ft. 2 in. 6 seconds, the are^ of 
the foot-path. 

Then, as 9 sq. ft. : 2779 sq. ft. 8 in. 1 1 Sec. j : 2^3. 
: £38. 125. l|(f. '24074, the expense of paving the 
court-yard, at 2^. 6c?. per yard. 

Again. As 9 sq. ft. : 344 sq. ft. 2 in. 6 sec. : : 
6d. : I9s. l\d, *8'8888, the expense of paving the 
foot-path, at 6d. per yard. 

C the expense of paving the 
Then, 38 • 12 • 1| -24074 < court-yard, at 2«. 6d. per 

(. yard. 

And 19 • li-8'8888 [ the expense ofpaving the 
2 ( foot-path, at 6a. per yard. 

Sum= 39 • 11 • 3J -12962 the whole cost = Answer*. 



XI.— 'OF VAULTED AND ARCHED ROOFS, &C. 

PROBLEM I. 

To find the Solidity of a Circular, ElUpticdl, or 
Gothic Vaulted Roof. 

Ex. 3. By the Note. 30 ft. x 15 ft, x -7854 = 
363*43 sq. feet, the area of the end. Then, by the 
Rule. 353-43 x 90 ft. = 31808-7 solid feet, the con- 
tent of the vacuity =: Answer. 

Ex. 4. By Rule 2, Prob. XIII. Superficies. 76«x 
•7854 = 4536-4704 sq. feet, the area of the whole 
circle. 

Hence,4536-4704-rby2= 2268-2352 5^^. .^^, ^® 

•^ ( semicircle. 

By Rule, Prob. II. Su- ) _ , /^o.nnnn S area of the 

perficies. 76ft. x 2ft. 5 - _|ff_^ | rectangle. 

The sum zz 2420-2352, the area of the 
front of the arch. 
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Then, by the Rule. 2420-2352 x 44 ft. = 
106490-3488 solid feet, the solidity of the vacuity of the 
arch = Answer. 

Ex. 5. By Rule 2, Prob. XIII. Superficies. 18« 
X "7854 =z 254-4696 sq. feet, the area of the whole 
circle ; which -f- by 2 = 127-2348 sq. feet, the area of 
the semicircle. 

Then, by the Rule. 127-2348 x 50 feet = 6361-74 
solid feet, the solidity of the vacuity of the circular 
vault zz 1st Answer. 

Again, By Rule, Prob. II. Superficies. (3 ft. x 2 
+ 18 ft.) X (9 ft. + 2 ft ) = 264 sq. feet, the area of 
the front of the whole, viz. the vacuity and materials ; 
hence, by the Rule. 264 x 50 ft. = 13200 solid feet, 
the solidity of the whole. 

Then,13200 sol. ft. — 6361-74 sol. ft. = 6838-26 
solid feet, the solidity of the materials of the circular 
vault =: 2nd Answer. 



Ex.6. *v^B02 — BC2= is/402-ri52=: ^/1375 
= 37-08099243547 feet, the height of the vacuity of 
the Gothic roof CO. 

Then, by Rule, Prob. IV. Superficies. } (CO x AB) 
= i (37-08099243547 x 30 ft.) zz 556-21488653205 
sq. feet, the area of the triangle ABO. 

Then, by Rule 4, and Note to Prob. XVI. Su per- 
ficies. (BO X DE X §) + (D E« -e- BO x 2) == 
(40 X 6 X §) + <63 -r- 40 X 2) = 162-7 sq. feet, the 
area of the segment OBEO; hence, ABO + 2 OBEO 
= 556-21488653205 + (162-7 x 2)= 881-61488653205 
sq. feet, the area of the end of the Gothic roof ABEOA. 

Then, by the Rule. ABEOA x 60 ft. = 
881-61488653205 x 60 ft. =z 52896-893191923 solid 
feet, the solidity of the vacuity of the roof =: 1st 
Answer. 

Then, by Rule, Prob. II. Superficies. LK x CG 

• Euclid, 47 p. i. b. 
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= 64ft. X 41-08099243547£t.=: 2629-18351587008 sq. 
feety the area of the section FHKL. Then, by the Rule. 
FHKL X 60 ft. = 2629-18351587008 x 60 ft. = 
157751-0109522048 solid feet, the solidity of the 
whole, viz. the vacuity and materials; hence, 
157751-0109522048 sol. ft. — 52896-893191923 sol. ft. 
s= 104854-1 177602818 solid feet, the soKdity of the ma- 
terials = 2nd Answer. 



PROBLEM II. 

To find the Concave or Convex Surface of Circular^ 
Elliptical^ or Oothic Vaulted Roqfs. 

Ex. 1. *V25-42 -f 17-06462 = V936-36057316 
ss 30-6 feet, the chord of half th e arch. Then, by 
Rule 2, Prob. XII. Superficies. J (30-6 x 8 — 50-8) 
= 64$ feet, the length of the arch. Then, by the 
Rule. 64§ft. X 50 ft. = 3233 J sq. feet, the concave 
surface of the vault =: Answer, 



Ex. 2. *>/702H-352= v^612r= 78-262379 feet, 
the chord of half th e arch. Then , by Rule 2, Prob. 
XII. Superficies. §(78-262379 x 8—140)= 162-03301 
feet,thelengthofthearch. Then, by the Rule. 162-03301 
ft. X 11 ft. =: 1782-36311 sq. feet, the concave surface 
of the bridge = Anstver, 

PROBLEM III. 

To find the solid Content of a Dome, having the 
Height and Dimensions of its Base given. 

Ex. 2. By Rule 2, and Table, Prob. X. Superficies. 
202 X 4-828427 (tab. area.) zz 1931-3708 sq. feet, 
the area of the base. Then by the Rule. 1931*3708 

• Euclid, 47 p. i. b. 



VAULTED AND A&CRED BOOFS/ 107 

X S6 it X. I s: 3347709386 solid feet, the solidity of 
the OGtagoivJ dome := Anstver. 

Ex. 3. By Rule, Prob. XXI. Superficies. 40ft, x 
30 ft. X -7854 = 942-48 sq. feet, the area of the base 
of the vacuity. Then, by the Rule. 942-48 x 17 -32 ft. 
X § = 10882-5024 solid feet, the solidity of the inte- 
rior vacuity of the elli ptical dome. 

Again. 4 ft. x 2 + 40 ft. = 48 feet, the outer 
transverse diameter ; and 4 ft. x 2 + 30 ft. = 38 feet, 
the outer conjugate diameter. 

Hence, by Rule, Prob. XXI. Superficies. 48 x 38 
X "7854 =: 1432-5696 sq. feet, the area of the whole 
base, viz, the vacuity and stone-work. 

Then, by the Rule. 1432-5696 x (17-32 ft. -f 4 ft.) 
X § = 20361-589248 solid feet, the solidity of the 
whole, viz, the vacuity and stone-work. 

Then, 20361 -589248 sol. ft. — 10882-5024 5ol.ft. = 
9479-086848 cubic feet, the solidity of the stone-work 
=: Answer, 



PROBLEM IV. 

To find the Superficies of a Dome, having the Height 
and Dimensions of its Base given, 

Ex. 2. 40 ft. X 30 ft. X 1-5708 = 1884-96 square 
feet, the concave surface = Answer, 



PROBLEM V. 

To find the solid Content of a Saloon, 

Ex. 2. (See Fig. 17 of this Key.) By Rule 4, 
Note to Prob. XVI. Superficies. (AC x Dm x §) 
+ (Dm^ -^ 2 AC) = (4-5 x -75 x §) + (-753 -f- 
4-5 X 2) = 2-296875 sq. feet, the area of the segment 
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ACmA. *n/AO-.AB2 = V4-52 _ 3-22 = VlFoi 
=: 3'163858 ft = BC. Then, BC x J AB = 3-163858 
X 3*2 -r- 2 = 5-0621728 sq. feet, the area of the A 
ACB; hence, ACB - ACmA = 50621728 — 
2-296875 = 2-7652978 sq. feet, the area of the section 
ABCmA. Then, by the Rule. ABCmA x OcPrO =z 
2-7652978 x 50 ft. = 138-26489 cubic feet, the con- 
tent of the solid part of the saloon OrPcO =: Answer, 

Ex. 3. (See Fig. 17 of this Key.) By Rule 2, 
Prob. XIII. Superficies. GTF^ x -7854 =z 40« x 
•7854 = 1256*64 sq. feet, the area of the floor of the 
room GVFWG, and = the area of the circular part of 
the room KyAxK. Then, by Rule, Prob. IV. Solids. 
GVFWG X FA = 1256-64 x 20 ft. = 25132-8 
cub. ft. = FAKGF, the solidity of the room to the 
spring of the arch of the saloon. 

Now, Em« X -7854 z= 5« x -7854 = 19-635 sq. 
feet, the area of the quadrant EAwiCE ; and'AB x BC 
= 5 ft. X 5 ft. =: 25 sq. feet, the area of the square 
ABCEA. Hence, ABCEA — EAmCE = 25 — 
19- 635 = 5-365 sq. fee t, the are a of the section ABCmA. 
*VEA2 + EC2 = ^/WT~5^ = n/50 z= 7-07106 
= AC = EB ; and J (EB — Em) = J (707106 — 5) 
= 1-03553 = OB. Then, fEB : CB :: OB : HB, 
riz. as 707106 ft. : 5ft.:: 1-035 53 ft. : -732231 ft. 
Hence, GF — 2 HB =z 40 — -732231 x 2 = 
38-535538 ft. = OwP, the diameter of the solid part 
of the saloon taken in the middle. Then, by Rule 1, 
Prob. XI. Superficies. OwP x 3-1416 = 38-535538 
X 3-1416 =z 1210632461808 feet = OcPrO, the cir- 
cumference of the solid part of the saloon taken in the 
middle. 

Then, by the Rule. OePrO x ABCmA = 
121-0632461808 x 5-365 =z 649-504315759992 cub. 
ft;. = OePrO, the solid work of the saloon. 



• Euclid, 47 p. i. b. f Euclid, 4 p. vi. b. 
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By Rule, Prob. IV. Solids. KyAxK x AB = 
1256-64 sq. ft. X 5 ft. = 6283-2 cub. ft. = ABLKA, 
the solidity of the cylindrical part of the room. 

MMFwt. 

^SSf S?Affi } = 6283-200000000000 

And the solidity of thel 

saloon taken in the mid- V = 649-504315759992 

dleOePrO . . J -■ 

The difference :;= 5633 695684240008 cu- 
bic feet == AmCM^KAy the solidity of the vacuity of 
the saloon. 

«oUdF*et. 

cyli'n.StlpaKGF } = 25132-800000000000 

And the solidity of the 1 

vacuity of the saloon v = 5633-695684240008 

AmCMftKA . . ) 

The sum = 30766*495684240008 cu- 
bic feet, the whole solidity of the room GFAmCM^KG 
zi Answer, 



^ PROBLEM VL 

To find the superficial Content of a Saloon, 

Ex. 2. (See Fig. 17 of this Key,) By Rule 1, 
Prob. XL Superficies. GTF x 3-1416 = 40 ft. x 
3-1416 = 125-664 feet, the circumference of the 
floor GVFWG ; and by Note to Prob. IV. Solids. 
GVFWG X FA z= 125-664 x 20 ft. = 2513-28 sq. 
ft. = FAKGF, the convex surface of the room to the 
spring of the arch of the saloon* 

Now, by Rule 1, Prob. XL Superficies. 2 AE x 
3-1416 = 5ft. X 2 X 3-1416 = 31-416 feet, the circum- 
ference of the circle ACzAA ; /. \ kCzhk = 31-416 
-f- 4 =z 7-854 feet, the length of the quadrantal arch, 
or breadth of the curved part of the saloon AmC, 

See Example 3 of the preceding Proposition. EB = 
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7071 ft. and Em = 5 ft. = CB ; /. wB = 2-071 ft. 
•EB : CB :: mB : vB; viz. as 7071 ft, : 5(L M 
2- 071 ft. ; 1-4 644 ft. Then, GTF - 2 wB = 40 ft. 
— 1-4644 X 2 = 37-0712 ft. = mrby the diameter of 
the room at the middle of the quadrantal arch AmC ; 
and, by Rule 1, Prob. XL Superficies, mrb x 3-1416 
= 37-0712 ft. X 31416 = 116-46288192 feet = 
msbnmj the circumference of the room at the middle of 
the arch AmC. 

Then, by the Rule, msbnm x AmC= 116-46288192 
ft. X 7-864 ft. = 914-7 square feet, the whole ofthq 
curve surface of the saloon round tiie room at AmC. 
And FTG — 2 AE = 40 ft. — (5 ft. x 2) = 30 feet, 
the diameter of the ceiling MeC. 

Now, by Rule 2, Prob. XIII. Superficies. MeC« x 
•7854 = 302 X -7854 -:: 706-86 square feet, the sur- 
face of the flat ceiling MaCnM. 

Hence the surface of the room 1 
the spring of the arch of the saloon > =i 2513-28 
FAKGF .... 3 

The curve surface of the saloon 1 ^ 014.70 
round the room at AmC . . J "^ 

And the surface of the flat ceil- > _ wa/s.o^ 
ingMaCaM .... J-_706^ 

The sum =: 4134-84 sq. feet, 

the surfece of the whole room GK6MCmAFG rii 
Anstoer. 



* Euclid, 4 p. Yi. b. 
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KvLJLS for reducing the Old Measure into the Im- 
perial, and conversely, for reducing the Imperial 
Mbasxjre into the Old.* 

wiKE measure. 

The new standard^ or Imperial gallon, contains 
277*274 cubic inches ; this is its capacity at the tem- 
perature of 62 degrees of Fahrenheit's thermometer ; 
but as the old measures were takea at 561^ degrees, it is 
proper, for the purpose of comparison, to reduce the 
imperial gallon to tl^ same low temperature.f 



« OENBRAL rules FOR REDUCmG ALL MEASURES. 

FiKST. From the Old Meantrt to ihe ImperiaL 

Rule, As the number of cubic inches in the imperial staad- 
4urd bushel or gallon, Ifc. (when reduced to tiie temperature of 
i^°) is to the number of cubic inches in the old standard, 
so is the number of bushels or gallons, ^c. old standard, to the 
number of bushels or gallons, ^c. imperial measure. 

COHTERSELT. 

Second. From the Imperial Measure to the Old, 

BuU, As the number of cubic inches in the old standard 
bushel or gallon, ^c. ib to the number of cubic inches in the 
imperial standard bushel, gallon, ^c. (when reduced to the 
temperature of 56^^), so is the number of bushels or gallons, &c. 
imperial standard, to the number of bushels, gallons, dec. old 
measare. 

f The difference of temperature between 6S^ and 99^, when 
water attains its greatest density, will vary the bulk of a gal* 

l2 
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The imperial gallon, thus reduced, becomes 277*2 or 
277^ cubic inches ; and therefore 5 imperial gallons are 
exactly equal to 6 wine gallons. 

To reduce Wine Gallons to ImperiaL 

Rule, Multiply by 5, and divide by 6, or diminish 
the given quantity by its sixth. 



C0NTER8ELT. 

To reduce Imperial Gallons to Wine, 

Rule. Multiply by 6, and divide by 5, or increase 
the given quantity by its fifth. 

ALE AKD BEER MEASURE. 

The ale gallon is to the imperial gallon as 282 to 
277 J ; and therefore 231 ale gallons are equal exactly 
to 235 imperial gallons, or 58 of the former are very 
nearly equal to 59 of the latter.* 



Ion of water rather less than } of a cubic inch, or about t^ of a 
cubic inch. 

' Then , 62® — - 99® « 28 degrees ; therefore in 83® of ? ariation 
of Fahrenheit a gallon of water will contract or dilate about 
j% of a cubic inch. 

Now, G2? — 56i® s= 5i degrees, the difference between the 
temperature at which the imperial gallon is taken, and that 
of the old measure. 

Hence, to reduce 62® to 56}® will be ^ :-S3 » ,1, of a cu- 
bic inch, the variation of a gallon in one degree of temperature. 
**• iSir ^ ^^ "^ '(yJiif &c. of a cubic inch in 5^ degrees, or in 
every gallon. 

* This is a very near approximation ; for 58 ale gallons 
equal 59^ imperial gallons ; and therefore the difference be* 
. tween the approximate and true result is only 1 in 136S0. 
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To reduce Ale Gallons to ImperiaL 

Rule, 1. Multiply by 59, and divide by 58 , or in- 
crease the given quantity by its 58th part. 

Rule 2. Multiply by 235, and divide by 231. 



CONVERSBLT. 

To reduce Imperial Gallons to Ale. 

Rule I, Multiply by 58, and divide by 59, or dimi- 
nish the given quantity by its 59th part. 

Rule 2. Multiply by 231, and divide by 235. 



CORN MEASURE. 

The new or imperial bushel contains 2218*192 cubic 
inches at 62 degrees, equals 8 imperial gallons, equals 
2217*6 cubic inches when reduced to 56^ degrees; and 
therefore 32 new bushels equals 33 old bushels. 

To reduce Old Bushels to Imperial, 

Rule. Multiply by 32, and divide by 33 ; or increase 
the given quantity by its eleventh, and diminish the sutn 
by its ninth. 

COWYERSBLT. 

To reduce Imperial Bushels to Old, 

Rule. Multiply by 33, and divide by 32 ; or increase 
the given quanti^ by its eighth, and oiminisli the sum 

r ita twelfth. 



by its twelfth. 
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PROBLEM I. 

To find the MultiplierSy Divisors^ and Gauge-points 
belonging to the Measures now used in England. 

For square Figures^ the following multipliers and 
divisors are to be used.* 

INTiaon tn SqawM. llmltIpU«n tn SqMMa. 

•277-274)1 -000000, &c.(-00360654 imperial gaUons. 
2218-192)1-000000, &c.(-00045081 imperial bushels. 

For circular Areas, the following multipliers and di- 
visors are to be used. 

HvltipIimiirCirrlM. 

277-274)-785398163397(-00283257 imperial gallons, 
2218-192)-785398163397(-00035452 imperial bushels. 

DiTl«on tot CIrelM. 

•785398163397) 277-274( 353-036221 imperial gall. 
-7853^8163397)2218192(2824-289772 hnperial bis. 

The Gauge-popits are found by extracting the square 
jroot of the divisors. 

Ouga-p«iat> fiirSqaant. 



. V 277-274 = 16-651 imperial gallons. 
V2218-192 = 47-097 imperial bushels. 

Oaa|»-poiato fbr CIkIm. 

V 353-03622 1 = 18-789 imperial gallons. 
\/2824-289772 = 53-144 imperial bushels. 

And thus the numbers in the following table were cal- 
culated. 



• Note. That S77-874 solid inches is an imperial gallon; 
aiHl 2818-198 solid inches is an imperial bushel. So that if 
the solid inches in any vessel be maltiplied by the respective 
.■raltipliers, viz. -00360654, and •00045081, for squares: and 
•00S8S257 and '00035458 for circles: or divided by the r«- 
ipective divisors, vit. 877*874 and 8818*198, for squares} and 
353036881 and 8884-889778 for circles : the product, or quo- 
tient will be imperial fallens or bushels. 
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PROBLEM II. 



To find the Area, in Ale or Wine Gallons, of any 
rectilineal plane Figure, 

Ex. 2. By Rule, Prob. I. Superficies. 40« =z 1600 
sq. inches, the area of the square. {See the Note to 
Rule, Prob. II. Gauging.) Then, 1600 ^ 282 = 
5*67 ale gallons. Or, by Rule 1,: ale and beer mea* 
sure, of this Key. (567^ 58) + 5-67 =: 5-76 impe- 
rial gallons := Answer. 

Ex. 3. By Rule, Prob. II. Superficies. 50 in. x 
30 in. zz 1500 sq. inches, the area of the parallelogram. 
Then, 1500 -r- 282 = 5-319 ale gallons. Or, by Rule 
1, ale and beer measure, of this Key. (5*319 -r- 58) 
+ 5*319 = 5*41 imperial gallons ^ Answer. 

Ex. 4. By Rule, Prob. III. Superficies. 40 in. x 
37 in. = 1480 sq. inches, the area of the rhombus. 
Then, 1480 -^ 282 = 5*24 ale gallons. Or, by Rule 1, 
ale and beer measure, of this Key. (5*24 -i- 58) + 
5*24 r: 5*33 imperial gallons = Answer. 

Ex. 5. By Rul<?, Prob. III. Superficies. 48 in. x 
82 in. = 1536 sq. inches, the area of the rhomboides. 
Then, 1536 -f- 231 = 6*649 wine gallons. Or, by the 
Rule, wine measure, of this Key. 6*649 — (6*649-f" 
6) = 5*541 imperial gallons == Answer. 

Ex. 6. By Rule, Prob. IV. Superficies. | (60 in. 
X 23*5 in.) = 705 sq. inches, the area of the triangle. 
Then, 705 -r- 282 = 2*5 ale gallons. Or, by Rule 1, 
ale and beer measure, of this Key. (2*5 -r- 58) + 2*5 
m 2*54 imperial gallons == Answer. 

Ex. 7. By R ule, Problem VII. Superficies. 
i (15 in. + 27 in, x 60 m.) = 1260 sq. inches, the 
area of the tmpezium. Then, 1260 -r* 282 =: 4*468 ale 
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gallons. Or, by Rule 1, ale and beer measure, of this 
Key. (4-468 -?- 58) + 4-468 = 4-545 imperial gal- 
Ions =: Answer, 

Ex. 8. By Rule 2, Prob. X. and Table. Superficies. 
50« X 1-720477 (tab. area.) = 4301-1925 sq. inches, 
the area of the pentagon. Then, 4301-1925 -f- 282 = 
15*2524 ale gallons. Or, by Rule 1, ale and beer 
measure, of this Key. (15-2524 -5- 58) + 15-2524 
r= 15*5153 imperial gallons = Answer. 

Ex. 9. By Rule 1, Prob. X. Superficies. J (64 in. 
X 6 X 55-42 in.) = 10640-64 sq. inches, the area of 
the hexagon. Then, 10640-64 -t- 282 =: 37-73 ale 
gallons. And 10640*64 -H 231 = 46*06 wine gallons. 
Or, by the Rule, wine measure, of this Key. &-06?-* 
(46*06 -r- 6) = 38*39 imperial gallons = 1st Answer. 

Then, 10640*64 -r- 2150*42 = 4*94 malt bushels. 
Or, by the Rule, com meas ure, of this Key. (4*94 -J- 
11) + (4*94 — 5*38 -f- 9) = 4*79 imperial bushels =s 
2nd Answer. 



PROBLEM III. 

The Diameter of a Circle being given in Inches , to find 
the Area of it in Ale or Wine Gallons, Sfc. 

Ex. 2. 452 X -002785 = 5-639625 ale gallons. 
Or, by Rule 1 , ale and beer measure, of this Key. 
(5-639625 -r 58) + 5-639625 = 5-736859 imperial 
gallons = Answer. 

Ex.3. 68« X -002785 = 12*87784 ale gallons. 
Then, 68« x 003399 = 15*716976 wine gallons. Or, 
by the Rule, wine measure, of this Key. 15*716976— 
(15*716976 -f- 6) == 13*09748 imperial gallons zz lU 
Answer. . . 
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Again. 68« x -000365 {tab. Area):± 1*68776 malt 
bushels. Or, by the Rule, com me astire, of this J Tey. 

(1-68776 -S- 11) 4- (1-68776 — 1-84119 -r 9) =i 
1*63662 imperial bushels =i 2nd Answer, 



PROBLEM IV. 

The Transverse, or longer diameter, and the Conjugitt€y 
or shorter Diameter, of an Ellipse being given^ to 
find its Area in Ale or Wine Gallons, 

&. 2. 72 in. X 50 in. x -002786 = 10-026 ^ 
gallons. Or, by Rule 1, ale and beer measure, of thu 
Key. (10-026 -f- 58) + 10*026 =: 10-198 imperial 
gallons = Answer, 

Ex. 3. 70 in. x 50 in. x -002785 = 9-7475 ale 
gallons. And 70 in. x 50 in. x -0034 = 11*9 wine 
gallons. Or, by the Rule, wine measure, of this Keg. 
11-9 — (11-9 -f- 6) = 10 unperial gallons =: Ut An- 
swer, 

Then, 70in. x 50 in. x -000365X^5. area) = 1-2775 
malt bushels. Or, by the Rule, com measure, of this Key, 

(1-2775 -r 11) 4- (1-2775 - 1-3936 -f- 9) =: 1-2388 
imperial bushels =r 2nd Answer, 



PROBLEM V. 

To find the Content of a Prism in Ale or Wine 

Gallons, 

Ex.2. By Rule, Prob.IL Solids. 40« in. x 10 in. 
s 16000 cubic inches, the solidity of the prism ; hence, 
16000 -^ 282 = 56*7 ale gaiUons. Or, by Rule 1, ale 
and beer measure, of this Key. (56*7 -r 58)> -f 56*7 
z= 57-6 imperial gallons = Answer, 
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Ex. 3. By Rule, Prob. 11. Solids. 72 m. x 33 in. 
X 82 in. = 194832 cubic inches, the solidity of the 
rectangular parallelopipedcm. Hence, 194832 -r 282 
= 690-89 ale gallons. Then, 194832 -r 231 = 
843*42 wine gallons. Or, by the Rule, wine measure, 
of this Key. 843-42 — (843*42 -f- 6) = 702-85 hn- 
perial gsdlons zz Ist Answer, 

A^avi. 194832 -f- 2150-42 = 90*601 malt bushels. 
Or, by the Rule, com measure, of this Key, (90-601 

^ 11) 4- (90-601 - 98-837 -f- 9) == 87-856 imperial 
bushels =z 2nd Answer, 

Ex. 4. By Rule 2, Prob. XIIL Superficies. 32« x 
*7854 =: 804-2496 sq. inches, the area of the base of 
tiie cylindrical ressel. Then, by Rule, Prob. IV. Sop- 
lids. 804-2496 x 45-5 =: 36593-3568, cubic mches, 
the solidity of the cylindrical vessel. Hence, 36593*3568 
-5- 282 = 129-763676 ele gallons. And 36593*3568 
-^ 231 = 158-4128 wine gallons. Or, by the Rule, 
wine measure, of this Key, 158*4128 — (158-4128 
-f- 6) = 132*0107 imperial gallons =: 1st Answer, 

Again. 36593*3568 -r- 2150-42 =z 17-01 malt 
bushels. Or, by the Rule, com measur e, of this Key, 

(17;01 -r- 11) + (17-01 — 18*55 -f- 9) = 16-49 fan- 
perial bushels =: 2nd Answer, 



PROBLEM YI. 

To find the Content of any Vessel^ whereof the Ends 
are Squares , or Rectangles of any Dimensions, 

Ex. 2. 27 in. + 13*8 in. =r 40-8 in. the sum of the 
lengths of the two ends of the frustum of the squai^ 
pyramid 

13-8 in. -I- 27 in. = 40-8 in., the sum of the breadths 
of the two ends of the frustum of asquare pyramid. 
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. 'Rmt^ 279 s: 729' fR|. inches, the area dP tliA gfealilr 
tnftoftliefinifltum. - >- : ;> 

And 13*8^ == 190*44 sq. inches, the area of ilii^'l^ 
end of the frustum. 

Then, 40-8 in. x 40-8 in. = 1664-64 sq. inches, the 
product of the sum of the lengths and breadths of the 
two ends. 

And 1664^64 4- 72^9 + 190-44 == 25^ir09^ «%. 
inches, the sum of th0 areas; which x by (21 in. 4- 6) 
=z 9044-28 cubic inches, the solidity of the frustum of 
a s^ufiffe. pyramid. 

i. liien, 9044:28 -T- 262 = 32-071 ale gallons. , %, 
Ibjy Ettl^ 1, ale and be^r, measure, qf this Key. ^^32^07^ 
^^^8) +. 32-0,71 .p,. 32-623 imperial gallpiML 3s 

Ex. 3. Here 36 ini + 48 in. = 84 in. the sum of 
;ihe lengths ^c^ the two ^ds tif the rectiuBgiilar tsxn'^^ 

^ vAh(t32 inr + i40ui. = 72 iiches, the mm, of 'I6e 
breadth»K>f th^two ends of the fectangulkr tiki.- i > 

gien, 4^ih. X 40 19. == 1920 sq. inches, the^-.area 
e.greater end of the tun. : -!^ 

And 36 in., X 32 in. == 1152 sq. inches, thearfa^of 
the less end of the tun. 

Then, 84 in. x 72 in. n 6048 sq. inches, the pro- 
[. duct of the sum of the lengths and breadths of the tm> 
ends; and 6048 + 1920 •+• 1155= 9120 sq. inches, 
the sum of the areas ; which x by (60 in, -s- 6) i: 
91200 cubic inches, Uie solidity of the rectangular 
tun. 

Then, 91200 -=- 282 = 323-404 ale gallons. Hence, 
91200 -5- 231 = 394-805 wine gallons. Or, by the 
Rule, wine measure, of this Key. 394*805 — (394*805 
-r 6) =z 329-005 imperial gallons :=i 1st Answer. 

Again. 91200 -7- 2150-42 = 42-41 malt bushels. 
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Or, by the Rule, com measu re^ of this Key. (42*41 -^ 
11) + (42-41 - 46-26 -r- 9) =: 41-12 imperial bushek 
s 2nd Answer, 



PROBLEM YU. 

To find the Content of a Vessel^ tn the Form of the 

Frustum of a Cone* 



Ex.2. (38 in. X 20-2 in. x 3) + 38— 20-2)« = 
2619-64, the sum; and 2619-64 x (21 in. -r 3) = 
1 8337-48 cubic inches, the solidity of the conical firustum. 
Then, 1 8337-48 -f- 359-05 =: 51 -07 ale gallons. Or, by 
Rule 1, ale and beer measure, of this Key. (51*07 -^ 
58) 4- 51*07 =: 51-95 imperial gallons = Answer, 



Ex.3. (4Wn. X 22in. x 3) + 40 — 22l« = 
2964, the sum; and 2964 x (60 in. -f- 3) = 59280 
cubic inches, the solidity of the conical frustum. Thep, 
59280 -f- 359-05 =: 165102 ale gallons; and (59280 
«^ 294*12) =: 201*55 wine gallons. Or, by the Rule, 
wme measure, of this Key. 201-55 — (201-55 •r- 6) 
= 167*96 impenal gallons = \st Answer. 

Again. 59280 4- 2738 =: 21 -65 malt bushels. Or, 
by the Rule, com measu re, of this Key. (21*65 -f- 1 1) 
4. (21-65 — 23*61 -r 9) == 20-99 imperial bushels :;: 
2nd Answer. 
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PROBLEM VIU. 

To gauge a$kd inchii Tun hirthe Perm of a Frustum 
of a Cone, and to make an Allowance for the Drip 
or Fall, 
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PROBLEM IX. 

To gauge a Copper, 
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l^ROBLEM X. » 

• . ■ ,;' . . . . » ' . ' 

I I • • • . ■ * I • • • 

Tojind the Content of a Cask by tke nieah DU^et'^r, 



(< 



Ex. 2., : thejirst Varieiff. (26*5 inc-yidm x '^8) 
4- 23 in. =r 25*38 inches, the mean (diameter/. Then^ 
25-38« X 28-3 in. = 1 8229'28652 cubic inches, the. bqK- 
dity of the cwk. Hence, !l8229-28652 r?r ; 358-05 i= 
50*77 ale gallons. Or, %* Rule 1, ale and^bct^ 'mot- 
sure, of this Key. <50-77 -f 58) + 50:77 d? 51-64-, 
imperial gallons = 1st Jintwer^... " ; ^ 



■J...^ 



The second Variety. (^6-5 in. — 25 in. x '•eft) 4r 
:^A'iJL' =! 25*17 inched, Hie mean diamsCer. ' Thib, 
»*17« X 28*3 in. =.17928-86787 cubic inches,. 4ie^ 
solidity of the cask. Hence, 17928*83787-^359-05: 
=: 49-934 .ale gaUons. ^ Or, by Rule 1^ ale and beer 
measure, oftMsJCey^ <49'934 -r 58). +-49*934. :b 
50*794 imperial gallons r='27u;?iln«u;6r.: ■ : . 'Jt 



•>. » ~- 



The third Variety. . (26*5 in. — 23 uw- x r55)- -f- 
23 in. = 24*925 inches^ the mean diano^r. < Tb^ 
24*925< X'28!3.:;= 17581-5341875 cubic inches, the 
solidity of the cask ; hencci 17581 *534 1 875 -f- . 359-05 
= 48-96691 ale gallons. Or, by Rule 1, ale and bees, 
measure, o/ this Key. (49-96681 -7-58).+ 48'966a|l 
= 49-81106 imperial gallons =: 3rd Answer*- ■- ■ *i 

The fourth Varietv. (26-54a. — 23 in. x *5) + 
23 in. =: 24*75 incoes, the mean diameter. Tben, 
124-75< X 28-3 in. 2: 17335-51875 cubic mchea^theioli^ 
dity of the cask ; hence, 17335*51875 -^ 359*05 3: 
48*281 ale galk>ns. Or, by' Rule 1, ale and beer mea- 
sure, of this Key. (48^281 -=- 58) + 48-281 ±: 49-n& 
imperial gallons r: 4th Answer. 



To find the Content o/avy Cask. 

Ex.2- (31 -d* X 39) + (24-5« X 25) + (24'5 x 
31-5 X 26) = 73769'5, the sum; and, 73769-6 X " 
42 X -00034 r= 1053-42846 ;* wliich -M 1 ?s 96-76622 
ale gallons. Then, 1053-42846 -r- 9 = 117-0476 wine 
gallons. Or, by the Note to this Piob. of this Key, 
1053-42846 -f- by 10-8 = ^-53967 imperial gallons 
=: Answer. 

Ex. 3. (32« X 39) + (24« x 25) + (24 x 32 x 
26) :;;= 74304^ the sum.; and 74304 x 40 x -00034 
= 1610*5344; which -4- by 11 = 91-86(37 ale gallons. 
Then, 1010-5344 •^ by 9 =: 112-2816 wine g^om. 
Or, by the Note to this Prob. of this Key. 1010*5344 
-r* by 10-8 =: 93.'568 imperial gallons =: Answer* ■—. 

Ex. 4. (48« X 39) -I- (^-8« x 25) + (35-8 x 48- 
X 26) =: 166575-40, the sum; and 16675-40 x 55 
X -00034 = 3114-95998; which ^ by 11 = 283-17818 
ale gallons. Then, 3114*95998 ^ by9 = 346-10666 
wine gallons. Or, by the Note to this Prob. qf this 
Key. 3114*95998 -£- by 10:8 = 288-4222 imperial 
gallons =: Aiuwer. 

Ex. 5. (33-8« X 39) + (^•2« X 25) + (33-8 x 
28-2x26)= 89218-32, the sum; and 89218-32 x 48 
X *00034 = 1456-0429824? which -5- by 11 = 
132-3675438 ale gallons. Then, 1456-0429824 -r- by 
9 = 161-7825536 wine gallons. • Or," by the Note to 
thifr Prob. of this Key. 14560429824 -*- by 10-8 = 
134*818794 imperial gallons = Answet*- * 



PROBLEM XI* 



\ ■ 



-. = To %Uage a lying Caski 

• Ex. 2. By Rule, Prob. XVII. Exam. 1. Superficies: 
iT-?^ bjr 25in.='440, the tiibular height; against wliich 



* Not: To r»4v<eth» reialt to imperial gmlloof, dlvldftliy 
1(K8 inBteHd'Of dirMiag by 9 «r U for wine or«lo fiOlMitii 



stands the Area Seg. '332843; ^hichr x. by:.48*3 =z . 
16-0763169; and 16-0763169 -^ •7854=1 20-468 
ale'gaUons. Or/ by Riile 1^ cde tiad tee^ ti^easare/^ 
this K^. ' (20*468 -^ 58) -h 20*468 z: 20-82 imperial ' 
gdionflt i;^ ca}culaUop: == Xst Answer. - ^;^' 

By the sliding Rule»^ , v .: , V 

•B C* OA SL* on C« OB SL. , ..',"• 

A^^i^mi: n : 41 , ,. .^ ,^ . ;,- 

aO*A« ; . oiiB« oa.A« pnp* «^ . 

aJIOO : 48-3 :: 41 : i9^aafe:gaHdn8Si:2*ttf2f7^:^ 

r.-' ■ . ' ' . ■• ;■• ;r. ; ; ;..-.• i-;.- ^ 

£f«3. 'ByRiile,Piob.XVlI.£xam«l, Supeifickw^t 
8>4- by 32 in. = -250, the tabii]arheig]iit;.-agMn^ 
which stands the Area jSSsj^Tv ^I53546>>1irkich jc \y$ ^l^^ 
'=.;14-064ai36, Bfii 14-0648136 ^-ir.-7jB$^^:;= V7-J^7 
g^jtfjm by c^ulatiopi =: UtAnsw/^;. , . .,* ^ 






•A*«2^ : 100 :: 8-- : 17^5 r"u : . .:a 

omA, obB. o«A. 'obB. . ft-^ j.'..-.. ;;>;,• 

As 100 : 91-6 :: 17-5 : l6f;M(mz^2ndAn8W!^. 

«... 1 -. * 

To ullage a standing Cash. a; 

Ee.2. (H^--cd«) X Stt-ikl«^ iH« = (3^0 

2a-7<) X 30 -..20» - »■ 20g = 100 -3275, tW ^UftHx 
tient. Th en, (EP» >-> 10 0-3275 ^ 3) x ($H ^ J|^: 
= (35« — 100-3275 ^ 3) x (30 — 20) = 11915-575 
cubic inches = adFBic^ • 

Then, i^^ r^ 33-18 ale giilw; or, by Rule 

1» ale and beer measure, qf this Keg. (33-18>4- 58) 
-f 33-18 =: 33-75 imperial gallons, fdx>ye half the cos- 
tent of the cask, viz. m adF^, 

■ '^f^^ ^1 ^ Question. The whole content of t||ie 
cask ABDiOA s. 1 21 '5 ale gallonsi or =: 148'5 wiqe ^. 
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GAUGING 



Ions. Hence, adFE 4- ]^ ABDCA == 33*18 -f (121*5 
-r 2) = 93-93 ale gdlons = odDCa, and ^^^j^ 

+ (148-5 -f- 2) =z 114- 76 wine ga llons = adDCa, or 
33-75 4- i (148-5 — 148-5 -r 6) = 95-62 imperial 
gallons = cidDCaf the quantity of liquor in the cask by 
calculation =1 Amwer^ 



Ex. 3. (EF« - CD^> X I H-^-llW ^ IH« = 
(26-5« ^ 23«) X 14-15 — 1 1> 4- 14- 1 5^ = 8-585, 
the quotient . Then, (EI * ^ 8-585 -f- 3) x (IH— 1 1 ) 
= (26-5« — 8-585 -f-.3) x (14-15 — 11) = 2203-07535 
cubic inches, tmder half the content of the cask. Then, 

2203-07535 ^ ,.^ , „ ^n 1. t^ , , 1 

— QgQ^QA ■ = 6-ld5 ale gallons. Or, by Rule 1, ale 

and beer measure, of this key. (6-1 35 -r- i58) + 6^1 35 
z= 6-24 imperial gallons, under half the content of the 
cask. Then, by the Question. The whole content of 
the cask ABDCjA = 48-3 ale gallon^. H ence, (48-3 
-r 2) — 6-135 z: 18014 ale gallpn*, or J (48-3 '4- 58 
4. 48*3) — 6-24 =: 18*32 itnpe(iai gallons, the qiAn^ 
tity of liquor in the cask by calculation :=:. 1^^ iln^. 



• 1 



By the Sliding Rule. 

OB C. on SS. on C. on 8S. 

As 28-3 : 100 :: ii : 37-7 

oaA* oaB*. on A. on B. 

As 100 : 48*3 :: 37-7 : I8-3 alegalkms = '!M 
Answer, " '" ' " •'• 



■ ■ .-I 



%.iki.i 
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LAND SURVEYING. 



I 
I 



1 ' • ... 

\.- ... *^ 

PROBLEM L 

To measure Offsets mth a Chain and CrosMtqff, 

£x^2. : By, Rule, Prob: VIH. Superficies. . 
i (Ao 4- B&)x AB= J (100 +60) x 100 = 8000, the 
^^jaiea of tlite tmpezoiq =; ABia. ' . . . 
UM + Cc) )!( (BC =; J (60 + 150) X tSQ=z 15750, the 

area of the trapezoid = "BCcL 
i (Cc + Drf) X CD = J (150 4- 46) x 75 = ^^350, the 

area of the trapezoid =: CDdc. 

By Rule, Prob. IV. Superficies. 
I (Dd X DE) = J (46 X 125) m- 2875, the 

area of the triangle =: DEcf. 
i (EF X /¥) = i (100 X 60) 3= 3000, the 

areftof the tnangle =r E/F. 

By Rule, Prob. VIII. Superficies. 
} C/F 4- G^) X FG = J (60 + 150) x 150 = 15750, the 

juea of the trapezoid = ^GF. ■ 

The sum = 52725 sq. 
links. 

Hence, iqqooq X 4 x 40 = 2 roods, 4*36 perches, 
the area of ftat of the field = Answer. 
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PROBLEM II. 

To measure a Field in the Form of a Trapezium. 

Ex. 2. By Rule, Prob.VII. Superfi. J (CE4- AF) x 
DB = J (306 4- 210) x 592 = 152736 square links. 

Hence, xqqqqq, X: 4 jX 40 =: 1 acre, 2 roods, 4*3776 
perches, the content of the field ABCD = Answer. 

PROBfiBM m. 

To measure ajbur^sided Fieldy with crooked Hedges, 

Ex.1. By Rule, iP^b.V.' Superficies. J (AB + 
BC + CA) = J (7^0 + 1500 + 1294) = 1772, the 
hiJf sum." ' ' - 

1772— 750= 1022) 
1772.^ I50a±£ ^272 ythethilBeiemaindieisw:' 
1772 - . l294-=:- (4-78J ■ . ■■:• / ..t -.1 .-> , .L- \ 
Then, V1772 x 1022 x* 272^- X Al% =i 
V2364668^744 3i 485239 1 aqV' links =::4-S^3§ 
acres, the area^ of the a ABC; " . / ' ^ ■; 

Agixm, -By Rule> Profe. V. Supsrflcies. \ ^AG + 
CD 4- DA) = J (1294 + lOOO + 800)'= 1547, the 
half sum. . . ^i . . i . :'!..'. 

- 1547-**: 1294 1= 2531: . . ^ i 

1547 - 1000 = 547l.the three remainders.- 
1547 - ^- 8Q0=.747> ' - .. : . 

Then, >/l547 x 253 X" 547 X -747 .= 
V 159925885119 = 399907 jq. links =.3*99907; acftcs, 
the area of the A ACD. -../.; ' r* ^Vi 

ByRule,Prob. IV. Supert- Jr<30e X lOO) = 15000 

Rule Prob^Vlil Super [ ^ (100 + 130)x 100= 1150Q 
w,uie,rroD.vui.&uper.^ j^^3Q_^gQ^ ^ ^^^_ ^^^ 

Rule, Prot. IV. Superficies. J (80 X 200) = SpOO 

The sum = $0250 
sq. links = *5025 acres, the area of the offsets along AB. 



LAKD^SV^&VXTIirtt*: 13f 

ByRule,Prob.IV. Super. J (200 x 200) = 20000 
Rule,Pr. VIII. Super. J(2b0-f-150)x500=: 87500 
Rule, Prob. IV. Superficies. | (800 x 150) :;= 60000 

The sum :;= 167500 sq, 

UA]sM.i^ 1*675 acres, the area of the offiets along |[Cr.r 

By Rule; Prob. IV. Super. J (200 x io^ zzsSoOO ^" 
^ rj(2004-J0d)x26O=30000 

Rule,Pr.TIII.Super.||(T00+15a)x200z= 25000 : 
.., . . • ( J (150 -f- 60)x 200 = 20000 ^ 

Rule^Prob, IV, Superficies. 1(100x50)= 2500 '' 

•'.'■■ '.■ Tlie smn = 107500 sq. 

links ^ 1-075 ^res, the avea of the o£^ts along CD. 

By Rule, Prob. IV. Suj)er. - }.(aOO : x 150) zTTSoSB 
TM^ T^. VTTT Q„r^/ji(J50+200)x'200= 35000 
Ride,Pt.VIII.Super. J |(;oO-MOO)x300= 45000 

Rule, Prob. IV. Superficies, i (1 0.0 x 100) = 5000 
..^ _ The sum = 100000 sq. 

I 

links = I acre, the area of die offsets along D A, \7hich 
is to bo deducted. 



The-^rea of the triangle ABG :r 4-85239. 
The area of the triangle ACD z± 3-99907 
Thie area of the offsets akmg AB . := . -60250 ' 
The area of the offsete along BC =5 1-67 500 '■' 
TW area of the ofiset^ albng OQ = 1*07500 - 

12-10396 
theareaof the ofisets along DA =1-00000 . 



. . The difference = 1 M0396 acres, the 
content of the field ABCD. '" ""^ 
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PROBLEM X. r 

• • ■" • " .'• • • ■"?■■.■. s 

Tojind the Content of a Cask by the niedh Du^t'^r, 



ii 



Ex. 2., : thejSr^ Variety. (26^5 in-'-^r^^aio, )i: ^(^8) 
+ 23 in. =: 25'3d inches, ..the mean diameter.'. Then» 
25-38« X 28-3 in. = 18229-28652cubic inches, the, BCjIi- 
dity of the cibmA:. H^ce, J 8229-28652 r^ 35^05 ^ 
50*77 ale gs^na. Or,l3y'Rule 1, ale and. be)^ inoa- 
sure, of this Key. <5gf-77 y 58) + 50:77 ± 51-W:, 
imperial gallons =: 1st Jinswer^.. .J * ', '• ' 

The second Variety. (26-5 m. — 25 in. x '*6a) 4^ 
['in; S3 25*17 inches, tiie mean dianttter. ' Theb, 
»^17« X 28-3in.=:. 17928-86787 cubic inches, ^4ie 
solidity of the disk. . Hence, 1 7928-86787* -^ Q59-05: 
== 49-934 ^aie gaUons. ^ Or, by Rule 1^ ale and beer 
measure, ofthisJLey^ <49*934 -^- 58). -f .49t934.±= 
50*794 imperial gallons r= '27m2 i4n«u;«r.: ' ^ - . '.'H 



The third Variety. (26-5 in. — 231%. x r55). + 
23 in. = 24-925 inches^ the mean diam^t. •■ Thmi: 
24-9252 Xf28!3.== 17581-5341875 cubic inches j the 
solidity of the cask ; hence^ 17581*5341875-7^.3® '05 
= 48-96691 ale gallons. Or, by Rule I, ale and bein;: 
measure, of this Key. (49*96681 -r- 58), 4* 49*966^1 
=: 49-81 106 imperial gallons =: Zrd Answer^- . > j 



The fourth Variety. (26-54n. — 23 in. x -5) + 
23 in. = 24-75 inches, ihe mean diameter. Then, 
1M-75< X 28*3 in. s: 17335*51875 cubic inches, tke«oli- 
dity of the cask ; hence, 17335-51875 ^ 359-05 3: 
48-281 ale gallons. Or/ by' Rule 1, ale and beer mee- 
stire, of this Key. (48^281 -h 58) + 48-281 i= 49-nS 
imperial gallons =: 4^A Answer. 
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Again. By Rule, Prob. V. Superficies. J (r, 3 + 
3, 14 + 14, r) = J (1064 + 2087-007 + 2148) =: 
2649-503 links, the half sum. 

2649-503 - 1064-000 = 1585-5037 ,^^ 
2649-503 - 2087-007 =: 562-496 > !r^„ j^ 
2649-503 - 2148-000 = 501-503) "^^^^'s* 

T hen, V2649-503 x 1585-503 x 562-496 x 501^503 
= V^;i85016663835-9J67383923392=1088584-706780 
sq. links, the area of the triangle r, 3, 14. , 

•>/yW« + We« = >/1160«+ 16762= >/4154576 
= 2038-277704 links, the hypothenuse or diagonal 
from € to y. 

Then, by Rule, Prob. V. Superficies. \ (c, 14 + 

14, y + Vr^) = 4(180 + 1950 4- 2038-277) = 

2084-138 links, the half sum. 

2084-138- 180-000=1904-1381,^ 
2084-138 — 1950-000 = 134-138 y^^ . ^i 
2084-138 — 2038-277= 45-861) °^^^"- 

Then, ^/2084-138xl904-13 8x 134-138x45-861= 
V24412948742-732345857992 = 156246-435936 sq. 
links, the area of the triangle c, y, 14. 

Now, by Rule, Prob. IV. Superficies. J (y W x Wc) 
= I (1160 X 1676) = 972080 sq. links, the area of 
the right angle triangle W, y, e. 

♦VGA« + Ar2 = V7442 + 510« = \/ 81 3636 = 
902*017738 links, the hypothenuse or diagonal from r 
toG. 

Then, by Rule, Prob. V. Superficies. J (ry +yG-i- 
Gr) = I (1984^784+902^017) = 942-008 Unks, the 
half sum* 

942-008 — 198-000 = 744-008 1 ,,^",^ ^ . 

942-008 — 784-000= 158-008 J. ^"^ inpee remam- 

942-008 — 902-017= 39-991 j ««"• 



* Slvfllid, 47p..i.b. 



Then, >/94S'008 x744'008 x 168:008 y. 3^'99i: == 
V 4428672204-74260633 1392 = 66548-269735 square 
links, the area of tke triangle yrG. - 

Now, by Rule, Prob. IV. Superfici^. i (rA x AG) 
= i (510 X 744) = 189720 square links, the area of 
the right an^e triangle AGr. 

ByKule, Prob. V. Superficies, j (e, 16 -f- 15, T -f 
Te) = i (356 + 580 + 588) = ^62 links, the half 

? 7€2 - 366 = 406) 

162 -^ 580 = 182 %the three remainders^ 
762 -^ 588.=; 174) 

Then, \/762 x 406 x 182 x 1*^4 = n/9797192496 
= 98980-768313 square Imks, the area of the triangle 
cT, 15. 

ByRule, Prob. VIII. C J (46+66) x 380 = 2i280 

Superficies. . . ( | (66+34) x 670 = 33500 

Kule, Prob. II. Siiper. - 34 x 270 ; = ' ^my 

{ J (86+96) x 110= 10010 
I (96+76) X 88 t= 7668 
1(76+84) xi 136 =10880: 
i (84+50) x 330 = 22110 

., The sum = 114528 sq. 

{inks, the area of the offsets along li, 7. 

RuIe,Prob. IV. Super. J (280 x 40) . = 560a 

r j (40+-30) X 890 fe 31160 
Rule,Pr.VIII. Super. ^ } (86+80) x 360 = 29880 

•. J |(-80+54) X 200 = 13400 
Rule, Prob. IV. Superficies. J (342x64)= 9234 

The sum = 89264 sq. 

Imks, the area of the ofiets aleiig C, 9. 

n2 






ByRuIe;Prob. IV. Super. J^(330x 23).= 3«30 



ikm+S'2) X 544 = 14688 
Rule,Pr.Vm.Sup«r.< | (32+60).: x, WO =;; 124i2a; , 

1} (60+48y X 300 == 16200 
Rule, Prob. IV, fl^ipcrficies. | (^350 x 48) = 8400 

The sum = 55338 sq. 

links, th^ axea of the offset along 0, A. 

Rule Pr.VIILSuDer i ^ (72+I50)x 120 ='^3335 ' ' 
Kule,ft.ym.&uper. ^ j(i50+130)x 112= 15680 

Rule, Prob. IV. Supeifi. ^'(144 xl30X= 93S6, .I) 

Thesom s= 38360'«q.' 
links, :ihe axea of the ofiqts along GW. 



'■'- - '-^ 



By Rtde, Prob^ IT. 6upep6. j^(7S0x 24)s^ 936^ 
ByRiflfe; Ptob.VlIi; C J(50+24) x 908 t=: l>39(r M. 

SuperiBcieiL . ,|J (76+50) x 100 i= 6300 lly 
Ruk, Prob.lL Superficies.. 76 x 200 zsH 152Qa =ifr 
Rule, Prob. VIII. 5 i (76+40) x 200 =r 11600^ y-iT 

Superficies. • . 1 1 (40+20) x 89 = 2400 !] 

The sum = 56256 sq. 
links, the area of the ofisets along WTM* 

{} (36+60)x 1040 = 49920 
1(60+90) X 388 =29100 " 
I (90 + 120) X 448 it 47040 ' 
I (120+56) X 474= 41712 
By Rule, Prob. IV. Super, i (170 x 56) = 4760 

The sum = 1 72532 sq. 

links, the area of the ofisets along Mm. 
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Sqoare Links. 

By Rule, Prob. IV. Superfi } (130x60)= 3900 

/- J (160+60) X 450 = 49500 

BvRule Prob VIII 1 ^ (1^0+40) x 670 = 67000 

%WaS ^i(^^+^^> X 290 = 17400 

ouperncies. . • i | (80-f 20) x 190 = 9500 

Ci(20+30) X 170= 4250 

The sum = 151550 sq. 

■ ■ ' ■ ■ ■» 

links, the area of the offsets along m, 12, which is to be 
dedueted from the whole estfite. , 



The aprea of the trapezoid 12, B, 3, 13 
The area of the triangle BCD • • 
The area of the triangle AD, 9 • . 
The area of the rt. angle triangle 13,3, 14 
The area of the triangle r, 3, 14 . . 
The area of the triangle ey,l4 . • 
The area of the rt. angle triangle irye 
The area of the triangle yrG . . . 
The auea of the rt. angle-triangle AGr 
The area of the triangle «T,15 . . 
The area of the offsets along 12, 7 • 
The area of the offsets slong C,9 • 
ITie area of the offsets along 9, A • 
The area of the offtetfl along GW . 
The ana of the offsets along WTM 
The area of the offsets along Mm • 



2315040-000000 
3820926-001691 ' 
388307*368216 
1072000-000000 
1088584-706780 
156246-435936 . 
972080-000000 • 

66548-269735 
1B9720-000000 ^ 
98980-768313 
114528-OOOOOb^ 
89264-000000 I ^ 
55338-000000 T ^ 
38860-000000 £% 
66256r000000 i^ 
172532-000000 -^ 



The sum » 10694711-550671 
The area of the offsets along m, 12 deduct 151550-000000 



The area of the whole estate » 10543161-55Q671 sq. 



links as 105 acres, 1 rood, 29 perches, the content of the whole 
estate, 12, C, 9, AWMm, 12. 






im 



MISCELLANEOUS QUESTIONS IN 
MENSURATION. 



Ex. L (47 ft. Oin. X 18 ft. 6in.)^ 9 ft. =: Oarsq. 
yards, 1 sq. foot, 4 inches, 6 seconds, the content of the 
payement =: Answer. 

Ex. 2. 18^ = 324 sq. inches =! 2| sq. feet, the 
area of each stone. 

Then, (21 J ft. x 17} ft.) ^ 2J ft. = 167^, the num- 
ber of stones to pave &e Toom, zz Answer. 

Ex. 3. (109-75 ft. X 9-25 ft.) — (6-6 ft. x5^76 ft. 
X 2)-i. 11^5 ft. == 83-59 sq. ytodtf 6f tapestry to 
hai^ round the room =: iln5u;er. 

Ex. 4. 'Here, by Rule 1, Prob. XL Superficies. 
27-5 in. X 3-1416 b ' 86-394 inches, the qircum- 
ference; and, by Rule 2, Prob. XII. Solids* 
(86-394 in. x 27-5 in.) -j- 144= 16-4988 square feet, 
the convex surface ^ 1st Answer. 

Hence, by Rule 2, Prob. XII. Solids. 16*4988 x 
(27-5 in. X i) -t- 12 = 6-301625 solid feet = 2nd 
Answer. 

Ex. 5. First. To find the solidity of the segment, 
see the Diagram, and Rule 2, Pro b. XIII. Solids. 
(3 A0« + 0D«) X OD X -5236 = (12« x 3 + 10«) 
X 10 X -5236 = 2785-552 cubic inches, the solidity 
of the segment ABDA = 1 ^^ Answer. 

Second. To find the Superficies of the segment, see 
the Note to Rule 2, Prob. XIL Solids* By Note 8, 



HISCELLANEaUS QUESTIONS*^ 139 

Prob. XIL Superecies, or Euclid, 35 P. iii. B. (A0« 
-^ CD) + OD =: (12« -7- 10) + 10 = 24-4 inches, 
the diameter D£. Then, by Rule 2, Prob. XIII. Su- 
perficies. AB2 X -7854 = 24« x -7854 = 452-3904 
square inches, the area of the base of the segment. 
Now, by Rule 1, Prob. XL Superficies. DE x 
3-1416 = 24-4 X 3-1416 = 76-^5504 mches, the cir- 
cumference of the sphere A0fiEA. Then, by Note to 
Rule 2, Prob. XII. Solids* ADBEA x OD =: 76-65504 
X 10 = 766-5504 sq. inches, the curve surface of the 
segment. Hence, 766-5504 + 452-3904 = 1218-9408 
iq. inches, the superficies of tbe whole segment = 
Ihtd Answer. 

Ex. 6. By Rule 1 , Prob. V. Timbet JWeasure. 1 8 fl. 
6 in. - 7" 4 =r 4 ft. 7 in . 6 seconds, the quarter girt. 

Then, (4 ft. 7 in. 6 sec.l^ X 24 ft.) -h 40 = 513 sypl. 
ft. 4 in. 6 sec. ^ 40 = 12 sol. tons, 33 sol. feet, 4 incheis, 

6 seconds, the content of the tree = Amw^r, 

Ex.7. (33ft. 7in. x 18 ft. 9in. x 5ff. 9in.)-i- 
324 = 3620 sol. ft. 8 in. 5 see. 3 thirdi|.^' 324 =: II 
sol. floors, 56 soL feet, 8 inches, 5 9econ9S| 3 thirdls, the 
0(»itent of the cellar i= Answer. 

Ex. 8. (48 ft. 9 in.x 35ft. 6 m.)-f-100 = 1730 sq. ft. 

7 in. 6 sec. -r 100 = 17 squares, 30 sq. feet, 7^ in^es, 
uie content of the roof = Answer. 

Ex. 9. To find the solidity of the whole Cime.. 
First. By Rule 2, Prob. XIII. Superficies. 42« x 
'7854 = 1385-4456 sq. inches, the. area of the base. 
And, by Rule, Prob. VI. Solids. 1385-4456 x (94 in. 
-$- 3) = 43410*6288 cubic inches, the solidity of the 
wnoic cone. 
: Now, 943 = 830584 inches, the cube of jt^e altitude. 

And 1728 x 2 = 3456 cubic incheam two feet;. 

♦.% as 43410-6288, the solidity of the cone, : 3456, 
the solidity of two feet, : : 830584, the cube of altitude 



•^>*»itm 



• Eadid, 12 p. xH. b. 
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of the cone : 66124*319857813 inc hes, the cube of the 
altitude of the two feet. Hence, i/66124-319857813 
zz 40*437 inches, the altitude of the top part to be cut 
off =: Answer.* 

Ex.10. First. Find the height of the whole Pyh 
romid, By Note to Prob. Vlt. Solids. {See also the 
Wagram.) fAO — CO =(AE) : CO :: GO : OV; 
Wi. as 10-5 in. — 1-5 in. : l-5ft. :: 12 in. : 2 feet. 
Hence, QV + GO = 2ft. + 12 ft. = 14 ft. == GV, 
the height of die pyramid ABVA. 

Second. Find Us solid content. By Rule, Prob. V. 
Solids. 21^ := 441 sq. inches, the aiea of the base. 
Hence, 441 x (14-5-3) -7- 144 = 14-291 1 cubic feet, the 
solidity of the whole pyramid AB VA. Then, GV' = 1 4» 
s: 2744 feet, the cube of the altitude of the pyramid 
ABVA; and ABVA - 5 ft. =i 14-2918 - 5 ft. = 
9*291 1 cubic feet, the remainder. Then, as 14-291 j 
cubic ft. : 9-29 1§ cubic ft. : : 2744 ft. cube of alt. : 
1784 feet, the cube of the length; and ^1784 = 
12*128 feety the length irom the top, the section is to 
be made. Hence, 14 ft. — 12-128 ft. = 1-872 feet, 
the lengtli of five solid feet at the greater end to be cut 
off z: Answer. 

Ex. 11. (See Fig. 11 of this Key.) By Rule 2, 
Prob. XIII. Superficies. FD« x -7854 = 402x -7854 
zz 1256-64 sq. inches, the area of the whole circular 
side of the grmdstone DEFG. 

To obtain the first Mavis Share. 
20s. : 98. :: 1256-64 sq. in. : 565-488 sq. in. = 



* Now supposmg it were required to eut off 2 solid feet from the 
bottom, or greater end, then it would be, horn 43410*6288 eubic 
iaohes subtraet 8456 cubie inches, and the remainder is 39954-6288 
cubic inches. Then sar, as 43410^6288 cub. in. : 39954*6288 cub. 
in. : t 830584 cn bealti. ; 764 459'6801 inches, the cube of the 

altitude; hence ^ 764459*680 1 « 91-4 inches, which must be 
cat from the top, or 2*6 inches from the bottom. 
t Euclid* 4 p. Ti. b. 



i 
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mm^ the area between the two concentric circles CD = 
the first man's share. Then, the area of the circle 
DEFG — »«»:= 1256-64 sq. in. — 565-488 sq. in. == 
691*152 sq. inches, the area of the ,.twO remaining 
shares CHKL. Hence, the area of the circle CHKL 
^ -7854= 69M52 sq. in. -=- •7854= 880 in. = KC«, 
the sq uare o f the d iame ter of the two remaining shares ; 
apd VKC2 — v'880 = 29-6647939 inches = KC, 
the diameter of the two remainmg shares ; which -t- ^ 
2 = 14-8323969 in. = AC, l£e radius. Then, th6 
radius AD- AC = 20 m.- 14-8323969 m;=5-167608t 
in. r= CD, the first man must grind down ir^n the 
radius AD =: 1st Answer. 

To obtain the second and: third Mai^lst Share* 

20s. : 6s. :: 1256-64 sq. in. : 376-9^2 sq. ihj ;^ 
nn, the area between the two concentric circles BC i= 
the second man's share. . Then^ the ar^ of the circle 
CHKL - n» = 691-152 sq. in. — 3^6-992 scuin.:^; 
314-16 sq. inches, the area of the third man's share 
&MNO. Hence, the area of the circle dMNO ^ *7854 
2S 314-16 sq.m. -j- -7854 = 400 m. ;;= NB«, the 
s quare of th e dia meter of the third mail's share; «ai 
^/NB« = ^400 = 20 m- = NB, the diameter of th« 
third man's share; which -f- by 2 rf 10 in. =:. Al^ the 
tadius of the eirde BMNO, which the third man most 
grind away z= 2nd Answer. 

Then, the radius AC — AB = 14-8323969 in. — 
10 in. = 4-8323969 in. s BG, the 8<M20od man must 
grind down from the radius AC = 3rd Answer. 

Or, thus:-- 

*AH circles are to each other as the squares of tbeijT 
diameters ; and each man must ^rind away a surface 
proportionable to tlie money he paid ? 

■ I I ■■■■ m 11 ■ I !■ I I I ■■ ■ ■■ L ■ 

• Eiidid,ttp. xU.b. 
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/-and n/T00=: 10 in. = AB, 

\the radius of the circfo 

20^. :5$.:: 20«in. : IOO-^BMNO, which the third 

iman mtist grind away = 
x^lst Answer. 

20s. :es.:: 202 in. ; 120 



The sum ±: 220; and v^^255*=: 14-832397 in- 
:=: AC, the radius of the circle OHKL, which two men 
must grind aWAy. 

Then, AC— ABss 14-832397 in.— 10 in.=: 4-832397 
in. = BC, the breadth of the ring which the second 
man must grind away = 2nd Answer. 

Again. AD - AC = 20 in. ^ 14-832397 in. =: 
5*167603 inches, the breadth of the ring the Jirst man 
diiitt griiid away r: 3rd Answerj, 

tEx. 12. {See Fig. 12 of this Key.) ♦SimiUuc cones 
are to each odiw as U^ cubes of thdr fdtitude. ' 

First, isAbt} : EPiS :: K& : li&, viz. as ^ 

: I ;: 2^r- 2666*6', the cube of the altitude. 

HencjB, 4/2666-6' {Si 13*867 inches, the altitude of the 

first section HG = 1st Answer. ... 

Second. As ABG : CDG :: K& : IG»; viz. 
as 3 : 2 ;: 20» ; 5333-3', the cube of the altitude. 
Hence, ;5^ 5333-3' = 17*471 mches, the altitude IG. • 

Then, IG — HG r= 17-471 in.- 13-867 in. 3= 3-604. 
inches, the altitude of the decond section IH = 2nd 
Answer. 

Third. KG - IG = 20 in. .- 17-471 in. = 2-529 
inches, llie altitude of the diird section KI ::= 3rd 
Answer. 



• EucHd, 12 p. xii.b. 

t In former editionft, iStxe following qaestion is foimd, And haa 
been Omitted by Mr.* Keith) because its solution depends on'. 
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Ex, 13. First, find thriee nmnbers in proportion to 
the depth, width, and length : thus, suppose the width 
1, the depth will be '7, and the length 4*2 ; hence the 
solidity will be 2-94 cubic feet. But solids are to each 
otheir as the cubes of their like parts ; consequently, as 
2-94 cub. ft, : 367-5 cub. ft. : : 1» : 125, the cube of 



i«i*^« 



fliixioQS; but as the ing^mouB and iBqaisitbn mi^ba gvat&fied 

by its solution, it is for tiieir satisfaction here introduoed ; . 

Ex. 12. A gard'ner he had an upright cone^ 

Out of whieh should be cat him a rolling-stoBQ, 

The biggest that e'er it could make : 
The mason he said, that there was a rule 
For such sort of work, but he had a thick skull ; - 

Now help him for pity's sake. 

(See Fig, 12 of this Key.) To determine the greatest ^^Under 
£0, that can be inscribed in the given cone AGB. 

Let AB =r d, GK = c, EF «= y, KH = x, n =-7864. 

Then, by the principles of mensuration, xyhi will express the 
content of the cylinder £0, and this is to be a maximum by the 
Question ; that is, xj/' is to be a maximum, putting its fluxion ss 

; .•,2 xyy + y*x «=« 0, or yi •« — 2 ajf. 

By reason of the parallels AB, EF ; GK : GH tt AB : EF^ 
whence GK X £F « GH x AB ; that is, «3^ i-i d x (c — x)» 

and take the fluxions ey ms-^ebe, or •— j| s= —, and y as - x 

(c «• ff), writing these respectively for 3^ and y, in the expression 

• ■ *»••. '•^ v*2 tbcx «• ... . di 

yxssM — 2 ry. It becomes — X (c — x)g^ ., ;dividingby^' 

* e c 

e d d 

c — xsBi2x, ordxoae, XBa-o and y »:« — X (<*"—*)■■ TX 

2c 2d 

-^ asa — ; these are the dimensions of the gjieatest cylinder 

£0, that can be cut out of the given eone AGB. The solid con* 
tent of tiie whole cone is 4 X d^cn ; and the content of ths 
greatest inscribed cylinder from the foreeoin^ dimensions is ^ x 
} dhm .*. the content of the greatest mscribed cylinder is J^s 
of the content of the whole cone. 

Those who wish to see the preceding conclunons deduced geo- 
metrically may consult *' Simpson's Owmetry, on the Maxima and 
Minima of G^ometrioal Quantities, TJbiymii 19, pa^$ 209, fifth 
edition* 
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thewidth* Hence, ^ 125 = 5 feet, the width = 1st 
Answer. 

'Sow, •? x'5 = 3*5 feet, the depth = ^rtd Answer. 
Then, 3*5 x 6 == 21 feet, the length = 3rd Answer, 
Then, (367-5 x 1728) -r- 2150-42 = 295 busheb, 
1 peck, 3*82422 pmts. Or, by Rule to com me^tsore 
of this Key. (295 bis. 1 peck, 382422 pmts -5- 11) 
+ 295 bis. 1 peck, 3-82422 pmts — (322 bis. peck, 
9-99005 pints -5- 9) = 286 bis. 1 peck, 7*10227 pints, 
imperial gallons = 4th Answer. 

Ex. 14. By Rule 2, Prob. XIII. Superficies. 1 8-5« 
X *7854 =: 268-803150 sq. inches, the area of the 
base. Hence, by Rule, Prob. IV. Solids. 268-80315 
X 8 = 2150*4252 cubic inches in a cylindrical bushel. 
Then, 2150-4252 -f- (7-5 x -7854) = 365-06' inches, 
the square o f the di ameter. 

Hence, V 365-06' = 191067 inches, the diameter 
when the depth is 7*5 inches = Answer. 

Ex. 15. Here the area of one acre = 43560 sq. feet. 
Then, 43560 sq. ft. ^ *7854 = 554 62-1847, the 

squareof the diameter of an acre. Hence, n/ 55462- 1847 
1= 235-50 feet, the diameter of an acre, which -f- by 
2=1 17-75 feet, the radius = the length of the cord = 
Answer. 

Ex. 16. 16-58 = 272-25 sq. feet, the area of the 
old kiln ; which x by 3 = 816-7 5 sq. feet , three times the 

area of the old kiln. Hence, >/ 816-75 = 28-578 feet, 
the side of the new kiln = Answer. 

Ex. 17. 26*32 — 691-69 mches, the square of the 
less cistern's diameter, which x by2= 1383*3 8 inches, 
twice the square of ihe diameter. Hence, ^/ 1383*38 
= 37*19 inches, the diameter of the greater cistern = 
1st Answer. 

Then, by Rule, Prob, III. Gauging. 37*19« x 
•002785 X ^2*5 in. = 202*22^93852125 ale gallons. 
Or, by Itule 1, ale and beer measure, of this Key. 
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(202-22593852125 -f- 5?) + 202-22593852125 = 
205-71259263368 imperial gallons, the content of the 
greater cistern =: 2nd Answer. 

' Now, the square of the less cistern's diameter as above 
= 691 -69 in. Hence, by Rule, Prob. III. Gauging. 
691 -69 in. X -002785 x 52-5 in. = lOM 33724125 ale 
gallons; or, by Rule 1, ale and beer measure, of this 
Key: (101-133724125 -H 58) + 101-133724125 z= 
102-877409023 imperial gallons, the content of the 
less cistern = 3rd Answer. 

Ex. 18. By the General Rule, Prob. X. Gauging. 
r32«x39) + (252 X 25) + (25x32x26) = 76361, 
hie sum ; and 76361 x 40 x -00034 = 1038-50960, 
which -r- by 11 = 94-40996 ale gallons. Or, by 
tfote to Prob. X. Gauging, of this Key. 1038-50960 
-r- 10-8 = 96-1582 imperial gallons, the content of 
the cask == Answer. 

Ex. 19. Here 20^ = 8000 inches, the length cubed. 
»A8 217 lbs. : 1000 lbs. :: 8000 cubic in. : 
3 6866-359447004in., the cube of the length. Hence, 
4/36866-359447004 = 33-282 inches, the length of the 
stone weighing 1000 pounds zz 1st Answer. 

Then say, as 20 in. : 33-282 m. :: 15 m. : 24-961, 
inches, the breadth of the stone weighing 1000 pounds 
^z 2nd Answer. 

And, as 20 in. : 33-282 in. :: 8 in. : 13-312 in., the 
thickness of the stone weighing 1000 pounds = 3r4 
Answer. 

Ex. 20. Here 4^ = 64 inches, the cube of the dia- 
meter of the less bullet ; and 9' = 729 inches, the 
cube of the diameter of the greater bullet. Then, 
by the Rule, Prob. XXXVII. Solids. fAs 64 
cub. in. : 729 cub. in. :: 9 lbs. ; 102-515 pounds, 
the weight of the bullet zz Answer, 

•! ¥iM*d, 33 p. xL b. t 5iicUd, 18 p. xU, b, 

o 
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Ex. 21. U&t^, 5' =t 125 inches, the ciibe ^f 4be 
«ide of the less pyramid ; and 30^ r= 27000 indies, tihe 
cube of the side of the greaiter pyiamid. 

•As 125 cub. in. : 27000 cub. in. :: 12-25 Mi». : 
2646 pounds, the weight of the sq. pyramid =: Answer, 

Ex. 22. Here, 6' = 216 inches, the diameter cdl>ed. 
Then, aslllbs. : 5001bs.:: 2l6cub. in. ; 9818 'r8^m., 
the cube of the diameter. Hence, ^9818 ^8' xs, 2>K 
inches, the diameter of the globe = Answen^ 

Ex. 23. By Rule 3, Prob. VII. Solids. (212 4. 92) 
+ (21 X 9) = 711 inches, the sUm. Thien, 711 in.x 
• (4-^28427 (tab. area.) -r- 3) x 15 ft. = 17165-050875; 
which -f. by 144 ±= 119*201742 feet, the solidity of 
the frustum = Answisr. 

Ex. 24. (See Fig. 9 of this Key.) First. Find 
the perpendicular height of the cone. fAD -»^ FI =: 
(Ap) : AD :: DI : bC; viz. as 18 i^. — lOin. : 
18 in. :; 215 in. : 483*75 inche^i the perpendicular 
height of the whole cone ABCA. 

Second. Find the solidity of the "whole cone.. By 
Rule, Prob. VI. Solids. AB^ x -7854 = 36^ x •7«54 
= 1017-8784 sq. inches, the area of the base AGBHA. 
Hence, AGBHA x JDC = 10l7-8784sq. in. x (483-75 
in. -7- 3) = 164132*892 cubic inches; which -h by 
1728 = 94*9843 cubic feet, the solidity of the whole 
cone ABCA z= 1*^ Answer. 

Third. To find the solidity of the frustum. By 
Rule 2, Prob. VIII. Solids. (AB x FK)+AB«+PK« 
= (36 X 20) + 363 + 20« =: 2416 sq. inches. Then, 
2416sq. in. x 215 in. x (*7854-r- 3) = 135989'392cubic 
inches; which ^ by 1728 = 78*6975 cubic feet, the 
solidity of the frustum ABKFA == 2nd Answer. 

Ex. 25. (See Fig. 9 of this Key.) IC» = 200« = 
^00000 inches, the cube of the altitude of the top part. 



lAi^Mita 



* Euclid, 8 p. zii. b. t Euclid, 4 p. ri. b. 



Now, ABKFA + FKCF = 159610 cub. in. + 26171 
cub. in. = 185781 cubic i|%ebed, the solidity of the whole 
cone ABC A. 

Then, FKCF : ABCA :: IG* : i)€!*, viz. 9^ 
26171 cub. in. : 185781 cufe.in. •,: aOOOQOO in. ci|be 
of altL : 567898^1-93.0380^5602002 inches, the cube 
of the alttu de of the whole cone. . 

Hence,. ^56789t8«(l -93038095602002= 384-3766 in. 
= DG^ the perpendicular height of the whole cone 
ABCA =: 1st Answer. 

To get the area iind diameter of Ihe greater base 
AGBHA. Here 3 (ABCA-f- DC) = (185781 ciib.hi.-^ 
384-3766 in,) x 3 = 1.449-99188(1. inches, the aiea ok 
the greater base AGBHA. 

Then,AGBHA-H-7854*=1449-99188q.in.^-7854r= 
1 846-182 5821 2 sq. in. = AB^, the squ are of the diameter. 
Hence, VAB^zz >/ 1846-18258212 z= 42-9672 inches, 
the diameter AB =: 2nd^ Answer. 

Again. To get the area and diameter of the. Ies9 ba3e« 
Here 3 (FKCF -j- IC) = (26171 cub. in. 4- 200,in.7 
X 3 =: 392*565 sq. inches, the area of the les? base 
FPKLF 

Then,'FPKLF -H '7854 =- 392-565 sq; m.-?- -T854=r 
499-8281 1306 sq. in , =^ FK^ the sq uare of the diamet«P, 
Hence, '^/TS^ = n/4&9-828113Q6 zr -22- 3568. inches, 
the diameter FK =: 3rd An&wer. , "' 

Ex. 26. First, Find the content of a conical fnnfc- 
tuxri, whose diametera are 5 and 2, and depth 12 feet, 
By Rule 2, Prob. VIII. Solids. (5 x 2) H- (5« +'i%) 
X 12 ft. X (-7854^3)= 122-5224 cubic feet, the so- 
lidity of the conical frustum, whose diameters are 5 ft. 
and 2 feet. 

Then, as 122-5224 cub. ft. : 20 cub. fi:. : ^ 25 sq. feet, 
(the greater diameter squared) : 4- 080886ft. , the square 
of the greater diameter. Hence, s/ 4-080886 == 2*020 1 2 
feet, the greater diameter = Xst Answer. 

Now, as 5 ft. : 2 ft. :: 2-02012 ft. : -80804 feet, 
the less diameter =s 2nd AnsuwTn 

o 2 
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Ex.. 21. 

TmI. Xb. FMt. Xa. 8q. FMt. In. 8m. 

129 . 6x 16 . 9 =: 2169 .1.6 contentof the room. 
7.3x 4.6x2= 65. 3. Oat work \ the 

32 . 7 . 6 athalfdo. ) shutters 
7.0x3.3 = 22. 9. Oat work K, , 

1 1.4. 6 athalfdo. j^^^^'- 
24. 6x 1.9x2= 85 . 9 . cheek boards. 



The sum = 2386.10.6 
Door-case, 3 fl.^^ 
6in.x7ft.0in. I 

3 window-lights, > = 104 . 3 . which deduct. 

7ft. 3 in. X 5ft. I 
6in. X 2. J 



9)2282 .7.6 



253 sq. yds. 5 sq. ft. 7 io. 6 sec: 



— Answer. 

Ex. 28. Assiune the breadth 1 foot ; then the height 
must be 5 feet, and length 40 feet. Hence, 1 ft. x 
5 ft. X 40 ft. = 200 feety the solidity of the assumed 
cube. 

Then say, as 200 cub. ft. : 18225 cub. ft. :: 1 ft. 
fthe cube of the breadth of the assumed cube) : 9 1 * 1 25 
fe et, the cu be of the breadth of the actual cube. Hence, 
V9FT25 = 4-5 feet, the breadth = Ut Answer. 

.% 4*5 ft. X 5 = 22-5 feet, the height = 2nd Ans. 
And .*. 22-5 ft. x 8 = 180 feet, the length = 3rd Ans. 

E x. 29. (S ee Fig. 1 3 of this Key.) •^/AC«— AB« 

= ^/ 392— 152= >/T296 = 36ft. = BC, the length 
of the piece standing. 

/. BC 4- AC = 36 ft. -f 39 ft. = 75 feet, the 
height of the maypole when standing = Answer. 

• EinoM, 47 p. i.b. 






Ex. 30. (See Fig. UoftkU Key.) •As AB : BQ 
BE : CD ; viz. as 4-1 ft. : 65 ft- :: 5 ft. : 79-26 
feet, the height of the maypole = Answer. 

Ex. 31. If the diameter of a sphere be 1, the soli- 
dity will be '6236, and the superficies will be 3*1416 ; 
that is, as 1 to 6. And to find the superficial content 
of any sphere, multiply 3*1416 by the square of the dia- 
lAeter, and the product will be the superficial content. 
And for the solidity, multiply '5236 by the cube of the 
diameter, the product will be the solid content ; and, 
because *5236 is a sixth part of 3*1416 •*• 6 must be 
taken for the diameter. For, if 3*1416 be multiplied 
by the square of 6, viz. 36, the product will be 1 13*0976; 
and if *5236 be multiplied by the cube of 6, viz, 2 J 6, 
the product is likewise 113*0976. Hence, the solidity 
is equal to the superficies which was required. .'. 6 ia' 
the true Answer. 

Ex. 32. Let D =: lihe diameter, and C rr the cir- 
cumference. Then, (see Rule 2, Prob. XII. Solids.)* 
The solidity of a sphere : its superficies : : D x C x 

^ : D X C. 

/. 9 : 4(::-g : i) :: D : 6. 

/, 4 D = 54, and /. D = 13*5, the axis or dia-- 
meter of the globe =: Answer. 

Ex. 33. If the diameter of a globe be 1, its solidity 
will be *523'6, and dobes are in proportion to each other 
as the cubes of then* diameters. Hence, 1 : 16' :: 
•5236 ': 2144*6656 solid inches, the solidity of the 
metal and concavity of the first shell, the half of 
which is 1072*3328 inches,- the solidity of the metal 
of the first shell, and also equals the number of solid 

inches, which would fill its eoncayity. . Then, — .50^ ' — 

r • 

* Euclid, 4 p. Ti. b. 
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= 2048 inches, the cube of the internal diameter of the 
first shell. Hence, ^2048 = 12-6992 inches, the in- 
ternal diameter of the first shell equals the external 
diameter of the second shell z= l^^ Answer. 

Now, 16 inches, the external diameter of the first 
&heU ^ 12*6992 inches, the internal diameter of the 
first shell = 3-3008 inches; which -r- by 2 = 1-6604 
inches, the thickness of the metal of the first §hell = 
2nd Answer. 

Then, the solidity of the metal of the first shell =: 
1072-3328 cubic inches ; which -r by4oz. = 268-0832 
lbs. the weight of the metal of the first shell =: ^rd 
Answer, 

Secondly, Since the second shell will just fill the 
concavity of the first, the external diameter of the se- 
cond shell must be = 12*6992 inches, and the solidity 
of its metal and concavity together = 1072-3328 cubic 
inches. ,\ as7 + 5 : 5 :: 1072-3328 cubic inches : 
446-8053' solid inches, which would fill the concavity 

of the second shell. Then, — ,M^a — — 853-3' 

inches, the cube of the in ternal diameter Of the second 
shell. Hence, .5/853-3' = 9 -4850. inches, the internal 
diameter of the second shell equals the external diameter 
of the third shell =: ^th Answer, 

Now, 12-6992 inches, the external diameter of the 
second shell — 9-4850 inches, the internal diameter of 
the second shell = 3-2142 inches, which -r- by 2 = 
1*6071 inches, the thickness of the metal of the second 
shell = 5th Answer. 

Then, 1072-3328 cubic inches, the solidity of the 
concavity of the first shell — 446-80533' cubic inches^ 
the solidity of the concavity of the second shell = 
625-52746' cubic inches, the content of the metal of 
the second shell. /. 625-52746' cub. in. -f- 4 oz. = 
156-38 186' lbs, the weightof the metal of the second shell 
= ^th Answer, 
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Thirdly. Since the third shell will just fill the con^ 
cavity of the second, its external diameter must be =r 
9*4850 inches, and the solidity of its metal and conca* 
vity together =: 446*8053' cubic inches, .*. 9 H- 4 : 
4 :: 446-8053' cub. in. ; 137-4785'64102'5641025cub. 
inches, which would fill the concavity of the third. 
shell. 

inches, the cub e of the internal diam eter of the third 
shell. Hence, 5/262-5'64102'564102 = 6-4034 mches^ 
the internal diameter of the thu'd shell. Now, .9'4850 
inches, the external diameter of the third shell -^ 6*4034 
inches, the internal diameter of the third shell =: 3*08 16- 
inches; which -f- by 2 = 1-5408 inches, the thickness 
of the metal of the tiiird shell =: 7th Answer. 

Then, 446*8053' cubic inches, the solidity of the 
metal and concavity of the third shell — 137*478564 
solid inches, which would fill the concavity of the third 
shell = 309-326769 cubic inches, the content of the 
metal of the third shell. .\ 309*326769 cubic inches 
-t- 4oz. = 77*331692 lbs., the weight of the third shell 
:^ Sth Answer. 

Ex. 34. (See Fig. 15 of this Key.) First. Find 
the area of WilFs pancakes, the versed sine, and the 
area of the segment. By Rule 2, Prob. XIII. Su* 
perficies. DG^ x *7854 = 15*252 x '7854 = 
182-6545875 sq. inches, the area of one of Will's pan- 
cakes ADBGA, which x by 4 = 730* 61835 sq. inche s^ 
th e area of WilF s four pancakes. •VAC^ — AF* zr 
V7-625« — 6-12 =: V 20-930625 = 4*575 inches = 
CF. Hence, CG — CF = 7-625 - 4*575 = 3*05 
inches = FG, the versed sine of the segment of Will's 
pancake ABGA zz 1st Answer. 



* Euclid, 47 p. i. b. 



152 «rscELi.Ay£6tr« QvtvtionfH* 

Then, by Rule, Prob. XVII. Ex. 1. Superficies. 
FG -f- DG = 3-05 -i- 15-25 = -200, the tabular height, 
against which stands the Area, Seff. *1 11823. Hence, 
•111823 X 15-25« = 26-0058364375 sq. inches, the 
area of the segment of Will's pancake ABGA =: ^nd 
Answer. 

Second, Find the area of Jack's pancakes. By 
Rule 2, Prob. XIII. Superficies KH^ x '7854 = 
12«x -7854 = 113-0976 sq. inches, the area of one of 
Jack's pancakes HIKEH, which x by 6 = 678-5856 
sq. inches, the area of Jack's six pancakes. 

Now, 4 ADBGA w- ABGA = 730-61835 — 
26-0058364375 = 704-6125135625 sq. mches, Will's 
shJiie =: 3rd Answer. 

Again. 6 HIKEH -{- ABGA = 6785856 + 
26-0058364375 = 704-5914364375 sq. inches, Jack's 
^lare r:: 4th Answer. 

And .-. 704-612513562 — 704-5914364375 z= 
•0210771245 sq. inches. Will had more than Jack after 
the decision of the gauger. 



UNEAL MEASURE. 



This measure a used (o measure distances, lengths, 
breadths, heights, depths, &c. of places or things. 
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Besides the above, there are, the Barley-corn, vhich 
equals ^ of an inch ; the Palm = 3 inches : the Hand 
= 4 inches ; the Span := 9 inches ; the Cubit = 1 ^ foot; 
the coininon military Pace := 2 ft, 6 in, ; the geometrical 
Pace — 5 feet ; the Fathom = 6 feet ; the League = 
3mi!es: and 60 geographical, or 69114 Englishmiles 
(according to Colonel Mudge) ^ 1 degree. ' 

ARope:= 20 feet; a woodland Pole = 18 feet; a 
forest or plantation Pole =: 21 feet ; a Cheshire Pole := 
24 feet ; a Sherwood Forest Pole = 25 feet ; Bsd 1 
rood of fencing or ditching = 7 yards. 



SQUARE MEASURE. 

Square measure is nsed to measure all kinds of super- 
ficies ; such as land, paving, flooring, plastering, roofing, 
slating, tiling, and ever; thing that has length mi 
breadth. 



a.:;;. 



;a. 



1293 
39204 
6273&1 



)00« 
iOOO 
)000 
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A Hide of l«td =: 160- aem ; Et Ytffd ef Imd s 
30 acres ; a Square of flooring;, [lartitbnitig, tao&ag, 
tiling, and slating, are each — 100 stj. feet; a Rod of 
bick-Tork r: 272-25 sq. feet ; in aome plates it is cub- 
tomBrytoallow324sq.feettaa Rod; idmetimes k Rod 
± 21 feet long, and 3 feet high ±: 63 sq. feet. 



CUBIC dR SOLID MEASURE. 

IW measme is uaed to measure aQ kinds of solids ; 
ci: suck. GgHTes aa consist of three dimensions, vis. 
length, breadth, and depth, or thickiiess< 
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A Load of rough timber :x 40 cubic feet ; a Load of 
squared timber = 50 cubic feet ; a Ton of shipping := 
42 cubic feet ; a Floor of earth = 324 cubic feet ; a 
Cord of wood = 8 ft. long. 4 ft. broad, and 4 ft. deep 
S 128 cubic feet; a Stack of wood = 12 ft. loi^ 3 ft. 
broad, and 3 ft. deep = 108 cubic feet. 



OLD WINE MEASURE* 

By this measure all wines, brandies, rums, spirits, dis- 
til]eu liquor, cyder, perry, mead, vinegar, honey, oU, Sic. 
are measured, bought, and sold. 
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OLD ALE AND BEER MEASURE. 



* tiste. At the alteration of Uie Old Meianrs to 
(which took plane Jw. 1st, 1826) the pint, quut, B 
nine, ale, and beer, >nd g^tsin or corn meuure, u« C 
tegard to their magnitude: 8 of these galloiiB mAke oi 
meuuied bj heaped meaeure) ; cnu gallon oontains ' 
incbea, or equals lOlbs. acoirdupoise of distilled wat 
air at the temperature of 62 de^ei of Fahrenheit's 1 
the Barometer being at 30 inches. 

t To reduce Old Wine Gallons to Imperial, mull 
Wine OsllDns hy 1-2, and the product w'" ' ' 



9 Impenal Galloi 
diride the Impenal Gallons by 1-2, and the qi 
Wine GaUons. (Se4 Article Guwing, Bulas, 
in tf Oat Sty.) 
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OLD DRY MEASURE. 

This measuTe is used in measuring all dry ccHnmodi- 
ties, as wheat, barley, beans, and other grain ; fruit, 
roots, sand salt, coals, oysters, Sic. 
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